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PREFACE 


This  report  describes  additional  work  performed  by 
The  Johns  Hopkins  University  Applied  Physics  Laboratory  (APL) 
for  the  Federal  Aviation  Administration  as  a follow-on  to  the 
beacon  task  of  contract  DOT-FA75WA-3553.  The  objective  of 
this  effort  is  to  identify  and  evaluate  possible  discriminant: 
against  false  targets  caused  by  beacon  ring  around.  The  Technical 
Representative  for  this  effort  is  Dr.  James  A.  Shannon  of  Air 
Traffic  Control  System  Division  (ARD-111)  of  the  System  Research 
and  Development  Service  (SRDS) . 

This  report  is  issued  as  an  addendum  to  the  final 
report  (reference  1)  for  the  initial  investigation  done  under 
this  contract.  Errata  to  reference  1 are  j.isted  in  Appendix  D 
of  this  report. 

Grateful  acknowledgment  is  made  to  NAFEC  personnel, 

Mr.  Robert  Delaney  and  the  technical  support  crew  at  tl»e  Elwood 
site,  for  their  cooperation  and  technical  assistance  in  collecting 
the  required  data  for  the  investigation. 
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EXECUTIVE  SUMMARY 


E.l  Objectives 

The  subject  of  this  Investigation  was  beacon  ring  around  in 
the  en  route  air  traffic  control  system.  Ring  around  occurs  when 
interrogations  and  subsequent  replies  in  interrogator  antenna  sidelobes 
and  backlobes  cause  false  target  reports  to  be  generated  over  a substantial 
portion  of  a complete  antenna  rotation.  This  is  undesirable  because  the 
false  reports  can  potentially  confuse  the  air  traffic  controller  or  obscure 
true  targets.  This,  in  turn,  can  result  in  a compromise  of  the  safety  of 
en  route  air  traffic.  This  is  discussed  in  detail  in  Section  1. 

The  purpose  of  this  investigation  was  twofold.  The  first 
objective  was  to  identify  what,  if  any,  characteristics  are  present  in  the 
on  site  sensor  data  that  may  be  used  to  reduce  false  target  reports  generated 
by  ring  around  and  suggest  possible  false  target  report  discriminants  based 
on  these  characteristics. 

The  second  objective  was  to  evaluate  the  proposed  false  report 
discrlmlnant(s)  via  simulation  using  actual  reply  data.  To  accomplish  this, 
a computer  simulation  was  designed  and  implemented  to  take  reply  data  as 
recorded  on  Auxiliary  Interpreter  Mode  2 tapes  and  generate  report  messages 
using  the  CD  algorithm.  Section  2 summarizes  the  specific  results,  conclusions 
and  recommendations  pertaining  to  these  two  objectives. 

E.2  Source  of  Data 

The  investigation  was  conducted  using  video  data  collected  from 
two  different  sites,  the  Elwood  site  at  the  NAFEC  facility  in  Atlantic  City, 

New  Jersey  and  the  Angel  Peak  site  near  Las  Vegas,  Nevada.  Initially,  the 
investigation  was  to  use  data  only  from  commissioned  sites.  Sufficient  data 
containing  examples  of  ring  around  were  not  collected  from  commissioned  sites. 
Therefore,  data  was  collected  at  the  NAFEC  test  site  in  Elwood  using  a test 
aircraft  that  flew  radial  flight  paths  directly  over  the  Interrogator,  thus 
Insuring  that  ring  around  occurred. 

All  of  the  video  data  collected  was  played  through  the  Common 
Digitizer  at  Elwood,  which  is  specially  equipped  with  an  Auxiliary 
Interpreter  (AI),  to  provide  a record  on  magnetic  tape  of  target  report 
messages  including  run  length,  and  corresponding  reply  data  as  well.  This 
feature  is  not  available  at  other  sites.  Reasonable  precautions  were  made 
to  Insure  representativeness  of  the  data.  Sections  3 and  4 describe  the 
analysis  approach  and  data  verification,  and  summarize  the  data  collected. 
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E.i  Results  and  Conclusions 

The  investigation  centered  on  determination  of  the  Klwood 
test  target  characteristics  as  this  was  the  only  target  that  experienced 
a sufficient  number  of  ring  arounds.  It  was  determined  that  identification 
of  reports  with  unusually  short  run  lengths  or  unusually  long  run  ituigths 
is  effective  as  a false  target  report  discriminant.  It  was  further 
determined  that  the  tendency  of  a target  to  experience  ring  around  is 
dependent  upon  the  elevation  angle  of  the  target  relative  to  the  sensor. 
Targets  at  higher  elevation  angles  (28*^  or  above  at  Klwood)  experience 
ring  around  while  others  do  not. 

A discriminant  based  on  run  length  was  implemented  in  the  CD 
Simulator  (see  section  6.2.5).  Characteristics  of  this  are  summarized 
in  Table  E-1. 


Table  E-1  Run  Length  Discriminant 
Reject  Reports  with  Run  Length  (RL)  such  ttiat: 

RL  - 36  ACP's*or  RL  - lOA  ACP's 
if  one  of  tlie  following  conditions  are  satisified: 


Condition 

Report  Range 

Mode  C 
Present 

Elevation 

Angle 

1 

^ 4nml 

No 

Any 

2 

Any 

Yes 

^ 28^ 

ACF  is  defined  in  Appendix  C,  Section  C.2. 


Figure  E-1  is  a comparison  of  Elwood  test  target  report  data 
(beacon  code  2315)  with  the  discriminant  implemented  and  the  same  data 
without  the  discriminant.  An  X appears  for  each  target  report  liavlng 
the  test  target  beacon  code.  Figures  E-IA  and  E-IB  display  scan 
histories  of  the  test  target  flight  path,  from  soutti-soutliwest  to 
north-northeast.  The  cumulative  effect  of  several  scans  of  ring  around 
when  the  target  was  less  than  seven  nautical  miles  from  the  Interrogator 
is  evident  in  E-IA.  The  reduction  in  the  number  of  false  reports 
generated  is  apparent  when  figure  E-IA  is  compared  with  figure  E-IB. 

However,  the  scan  history  display  can  be  misleading  because  the  scan-to-scan 
display  of  the  reports,  which  can  be  observed  during  generation  of  the  display, 
is  not  evident  in  a photograph.  The  air  traffic  controller  is  not  normally 
concerned  with  a scan  history  but  rather  the  present  position  and  velocity 
of  each  aircraft,  which  is  presented  on  a single  scan  basis. 
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Figures  E-IC  and  E-ID  illustrate  the  Improvement  in  the  display  of  a 
single  scan.  In  figure  E-IC,  the  correct  report  is  the  single  X that 
is  southwest  of  the  Interrogator.  Eight  false  reports  appear  to  the 
northeast.  These  are  reduced  to  only  two  false  reports  by  the  discriminant. 

On  the  air  traffic  controller's  display,  the  false  reports  of  figure  E-IC 
and  their  associated  data  blocks  with  alphameric  information  will  obscure 
the  region  to  the  northeast  resulting  in  difficulty  in  identifying  other 
aircraft  in  this  region  (the  display  of  other  aircraft  is  suppressed  in 
figure  E-1) . The  discriminant  is  clearly  effective  in  reducing  the  number 
of  false  reports  thus  cleaning  up  the  controller's  display  and  enhancing 
the  process  of  air  traffic  control. 

E.4  Recommendations 

The  results  have  shown  that  identifying  target  reports  with  long 
and  short  run  lengths  is  an  effective  way  to  reduce  the  number  of  false 
reports  generated  during  ring  around.  Air  traffic  controllers  are  highly 
trained  and  skilled  individuals  and  rarely  misidentify  the  position  of  an 
aircraft  even  under  severe  circumstances.  However,  presentation  of 
ambiguous  data  to  the  controller  should  still  be  avoided.  This  will  further 
minimize  even  the  potential  of  air  traffic  controller  confusion  and  thereby 
enhance  the  safety  of  en  route  air  traffic.  For  this  reason,  it  is  recommended 
that  the  FAA  give  strong  consideration  to  implementing  run  length  discrimination. 
Before  this  can  be  done,  however,  the  following  two  steps  should  be  taken: 

1)  An  investigation  of  run  length  and  elevation  angle 
characteristics  should  be  conducted  using  data  from 

a representative  cross  section  of  commissioned  en  route 
sites  to  permit  a more  complete  understanding  of  site 
dependency. 

2)  The  optimal  approach  to  using  run  length  discrimination 
must  be  determined.  In  an  ideal  situation,  run  length 
discrimination  would  be  implemented  only  when  an  ambiguity 
occurs.  Tracking  of  report  data,  which  is  done  at  the 
Air  Route  Traffic  Control  Center  (ARTCC) , is  required  to 
Identify  target  report  ambiguities.  However,  since  the 
computer  capacity  of  the  ARTCC  is  already  nearly  saturated, 
it  is  desirable  to  implement  the  discriminant  on  site. 

One  suggested  approach  is  to  identify  reports  with  the 
discriminant  on  site  by  setting  a one  bit  flag  in  the 
report  message,  then  pass  all  the  report  data  to  the  ARTCC 
where  elimination  of  the  flagged  reports  could  take  place 
after  tracking.  This  approach  minimizes  any  increase  in 
ARTCC  processing  because  only  one  extra  bit  of  information 
is  passed  to  the  ARTCC.  In  addition,  it  avoids  elimination 
of  real  reports  since  tracking  information  can  be  utilized 
to  recognize  when  an  ambiguity  is  present . 
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1.0  INTRODUCTION 


This  investigation  was  a continuation  of  the  work  begun  under 
contract  DOT-FA75WA-3553.  The  overall  objective  of  the  original  program 
was  to  aid  the  FAA  in  enhancing  the  performance  of  the  National  Airspace 
System  (NAS)  in  the  areas  of  aircraft  acquisition,  data  transfer,  and 
processing  of  both  primary  and  secondary  (Air  Traffic  Control  Radar  Beacon 
System  (ATCRBS))  data. 

Modification  1 to  the  original  contract  expanded  the  scope  of 
the  analysis  to  Include  the  on  site  processing  of  beacon  data.  This 
investigation  was  to  analyze  the  beacon  data  processing  performance  of 
the  Common  Digitizer  (CD)  to  determine  what  problems  exist  that  affect  or 
could  potentially  affect  the  automation  of  the  en  route  portion  of  the 
National  Airspace  System  (NAS)  and,  where  possible,  to  make  recommendations 
to  alleviate  these  problems.  Reference  1 documents  the  results,  conclusions, 
and  recommendations  of  the  original  investigation.  Reference  2 is  the 
study  plan  for  the  beacon  portion  of  the  original  effort. 

This  report.  Issued  as  an  addendum  to  Reference  1,  documents  the 
additional  investigations  into  the  beacon  processing  performance  of  the 
CD  and  has  been  completed  under  Modifications  3 and  4 to  the  original 
contract.  The  study  plan  for  this  effort  is  Reference  3. 

1.1  BACKGROUND 

The  subject  of  this  investigation  was  the  ring  around  problem. 

Ring  around  is  a particularly  severe  form  of  target  report  ambiguity.  It 
occurs  when  an  aircraft  transponder  outputs  replies  over  a substantial 
portion  of  an  antenna  scan,  resulting  in  the  generation  of  several  target 
reports,  all  at  the  same  range  but  spread  apart  in  azimuth  occurring 
within  a single  scan  of  the  antenna. 

An  example  of  ring  around  is  presented  in  Figure  1-1.  This 
photograph  was  made  from  the  color  TV  display  console  using  the  CD-Record 
display  system  developed  at  the  Laboratory  and  described  in  Section  8.3  of 
Reference  1.  The  CD-Record  tape  data  was  obtained  by  playing  beacon  video 
that  was  recorded  on  a wide  band  recorder  at  the  Angel  Peak  site  near 
Las  Vegas,  Nevada  (site  code  QAS)  through  the  Common  Digitizer  at 
Elwood,  N.  J.  Since  the  original  video  was  recorded  at  Angel  Peak,  a 
commissioned  site,  the  display  of  Figure  1 is  representative  of  a 
commissioned  site. 


1-1 


li 

• I 

( 

I , 

) 

i 

i 

h 

i ' 


J ■■ 


i 

'.I 


I 

I 1 

I ' 


The  range  rings  of  the  display  have  a 5 nautical  mile  interval 
with  Angel  Peak  beacon  interrogator  at  the  center  of  the  display.  The 
target  that  produced  the  ring  around  has  a beacon  code  of  0716  and  is 
displayed  as  a green  X.  About  30  scans  of  data  are  presented  so  that  the 
target  flight  path  is  evident.  The  target  came  within  about  7.5  nautical 
miles  (slant  range)  south  of  the  Interrogator.  The  green  X’s  in  the 
northwest  and  northeast  quadrant  (mostly  northeast)  are  false  reports 
generated  in  the  antenna  sidelobes  and  backlobe.  In  the  next  sections, 
the  adverse  affects  of  the  event  depicted  in  Figure  1-1  are  discussed. 

1.1.1  Adverse  Affects  of  Ring  Around 

False  reports  generated  by  beacon  ring  around  can  potentially 
affect  system  performance  in  three  areas; 

1)  System  data  load 

2)  Tracker  performance 

3)  Controller  performance 

Each  of  these  areas  is  addressed  in  detail  below,  with  the  conclusion 
that  the  controller  performance  is  the  area  most  affected  by  ring  around. 

1.1.2  System  Data  Load 

There  is  Increasing  concern  that  the  present  data  processing 
capacity  of  the  IBM  9020  computer  system  at  the  Air  Route  Traffic  Control 
Centers  will  soon  be  Inadequate  to  handle  the  rapidly  growing  number  of 
en  route  aircraft.  This  problem  is  discussed  in  detail  in  Reference  1, 
Sections  2.3.1  and  3.0.  One  way  to  reduce  the  9020  data  load  is  to 
preprocess  the  report  data  on  site  and  eliminate  false  reports  which  would 
otherwise  have  to  be  processed  by  the  9020.  However,  although  ring  around 
produces  many  false  reports  when  it  occurs,  it  does  not  occur  frequently 
enough  to  cause  a significant  Increase  in  the  data  load  of  the  9020  systems. 
For  example,  during  testing  at  Elwood,  a single  test  target  was  observed 
to  produce  29  good  reports.  During  the  same  interval,  the  test  target 
produced  98  false  reports  due  to  ring  around  (Section  6. 2. 3. 2. 4).  Assuming 
that  the  29  good  reports  were  produced  one  per  scan,  the  Interval 
considered  was  about  29  scans.  The  average  number  of  beacon  reports  per  scan 
at  a busy  en  route  center  is  easily  200,  so  that  in  29  scans  one  may  expect 
about  5800  good  reports.  Thus,  the  98  false  reports  comprise  less  than  2% 
of  the  data.  Thus,  although  system  data  load  will  be  reduced  by  eliminating 
false  beacon  reports  caused  by  ring  around,  the  reduction  relative  to  the 
number  of  good  beacon  reports  is  not  large. 
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1.1.3  Tracker  Performance 

Targets  of  Interest  to  the  air  traffic  controller  are  tracked 
by  the  9020  system  at  the  ARTCC.  Usually,  when  ring  around  occurs  to  a 
target  the  controller  is  concerned  with,  the  target  Involved  has  already 
been  tracked  for  many  scans  prior.  On  successive  scans,  the  tracker  is 
looking  for  the  report  closest  to  the  established  track  that  has  the  correct 
beacon  code.  Normally,  when  ring  around  occurs  the  real  report  is  present 
along  with  the  false  reports  and  the  tracker  will  correctly  identify  the 
real  report  because  it  is  closest  to  the  already  established  track. 

However,  if  the  controller  is  attempting  to  establish  contact 
with  a new  aircraft  or  reestablish  a dropped  track,  ring  around  has  the 
potential  to  cause  a problem  as  the  example  of  Figure  1-2  shows. 

The  data,  displayed  in  PPI  format,  was  not  tracked  by  an  auto- 
mated system,  but  can  be  tracked  visually  by  associating  reports  on 
successive  scans.  The  target  of  interest  in  this  display,  shown  as  an 
X symbol,  has  a beacon  code  of  1673.  This  data  was  collected  at  the  Elwood 
site.  The  target  flight  path  starts  at  about  17.5  nautical  miles  northeast 
and  ends  at  20  nautical  miles  southwest  of  the  interrogator  which  is  at 
the  center  of  the  display.  False  reports  were  produced  to  the  southeast  of 
the  Interrogator  when  the  target  was  between  5 and  10  miles  northwest 
due  to  target  replies  in  or  near  the  antenna  backlobe.  These  reports 
occurred  on  successive  scans  in  such  a way  that  they  appeared  to  form 
a track.  Had  a controller  been  attempting  to  establish  contact  with  a 
previously  untracked  or  dropped  track  target  while  ring  around  was 
occurring  as  it  does  in  this  example,  the  possibility  of  mlsidentif Ication 
of  target  position  would  exist.  The  controller  would  recognize  this  and  react 
by  requesting  the  pilot  of  the  aircraft  to  confirm  his  heading,  and  under 
normal  circumstances  there  would  be  no  further  problems.  There  are  times 
when  a controller  is  requested  by  a pilot  to  provide  emergency  assistance 
because  the  pilot  is  experiencing  difficulty  such  as  disorientation  or 
equipment  failure,  in  which  case  the  pilot  will  not  necessarily  know  his 
heading,  or  because  of  the  pressure  of  the  situation,  will  read  his  heading 
Incorrectly.  Under  these  conditions,  the  event  depicted  in  Figure  1-2  could 
have  more  serious  consequences.  Such  events  do  not  happen  often,  but  tliey 
do  happen.  Reduction  of  false  reports  generated  by  ring  around  would, 
therefore,  be  a significant  step  in  improving  air  safety. 

1.1. A Controller  Performance 

In  addition  to  the  problem  described  above,  the  presence  of  ring 
around  on  the  controller's  display  is,  at  the  very  least,  distracting.  A 
data  block  containing  alphamerics  will  be  displayed  for  each  false  report 
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Auxiliary  Interpreter  Mode  2 Tape  Data 

Tape  Name;  Aug  25  Tape  3 
Record  Number:  0-491 
Range  Ring  Interval:  5 nml 
Beacon  Report  Color:  Green 
Beacon  Report  Symbol:  X or  Dot 
Search  Report  Color:  None 
Search  Report  Symbol:  None 

Flagged  Codes 

Code  Symbol  Color 
1673  X Green 


Figure  1-2;  False  Reports  Forming 
a Track* 


♦"Tracking"  Is  done  visually 
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appt'iirlnR  on  the  dlsplnv  causing  a portion  of  tlio  display  to  be  at  least 
partially  obscured,  and  making  proper  target  Identification  difficult,  if 
not  impossible.  The  controller,  of  course,  is  not  lust  concerned  with  one 
aircraft,  but  many,  and  he  is  constantly  reviewing  the  entire  air  traffic 
situation  affecting  the  sector  wltli  wliicli  he  Is  concerned.  When  a 
controller  must  devote  time  to  resolving  false  target  ambiguities  he 
necessarily  must  interrupt  his  normal  procedure,  thus  reducing  efficiency 
and  safety. 


1.1.5  Sumnwrv  of  Ritig  Around  Effects 


From  the  above  discussion,  it  is  evident  that  tlie  .area  of  system 
performance  affected  most  by  ring  around  is  controller  perform.ince . Ring 
around  partially  obscures  the  controller's  display  with  false  reports  and 
alphameric  data  for  each,  causing,  as  a minimum,  distractions  of  the 
controller's  attention.  Worse,  the  presence  of  false  reports  can,  under 
certain  conditions,  make  establishing  cont.act  with  a previously  untracked 
or  dropped  track  aircraft  difficult,  resulting  In  a compromise  to  air 
safety. 


1.2  OBJECTIVES  OF  THE  INVE.STICATION 


It  appears  unreasonably  difficult  to  reduce  some  ring  around 
problems  by  further  processing  of  data  presently  avall.jble  at  the  I'CC 
(Reference  A).  Other  solutions  Involve  sensor  modifications.  .A  third 
solution,  the  sublect  of  this  investigation,  is  to  process  additional  infor- 
mation available  to  the  CCC  for  processing. 


This  Investigation  had  two  specific  oblectives.  The  first 
objective  was  to  identify  what,  if  anv,  characteristics  are  present  in 
the  on-site  sensor  data  that  may  he  used  to  reduce  the  ring  around  problem 
and  propose  false  target  report  discriminants  utilizing  the  identified 
characteristics. 


The  second  objective  was  to  evalu.ate  the  discriminants  proposed 
to  reduce  the  ring  around  problem  by  this  investigation  with  respect  to 
effectiveness  in  reducing  the  problem  and  overall  affect  on  target  report 
data  quality.  To  aid  in  accomplishing  tlie  second  objective,  a computer 
simulation  was  developed  which  takes  beacon  replies  from  the  Auxiliary 
Interpreter  (Al)  and,  using  the  Oh  algorithm,  centroids  the  replies  to 
produce  beacon  target  reports.  This  was  a specific  effort  recommended  In 
Reference  1.  With  this  simulator,  the  effects  of  varying  target  leading  edge 
threshold  (Tj^) , a target  trailing  edge  threshold  (Ty)  and  the  validation 
threshold  (Ty),  and  the  implementation  of  various  additional  algorithms 
such  as  run  length  discrimination  can  be  evahiated  witli  actvial  reply  data. 
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2.0  SUMMARY  OF  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


2.0  SUMMARY  OF  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 

The  analysis  results  are  presented  in  detail  in  Section  6, 
with  conclusions  drawn  at  appropriate  places  in  the  discussion.  In  this 
section  the  results  are  tied  together  and  overall  conclusions  made.  Next, 
recommendations  based  on  the  conclusions  are  listed. 

2.1  RESULTS  AND  CONCLUSIONS 

2.1.1  Results  of  Elwood  Test  Target  Analysis 

The  following  conclusions  are  based  on  the  test  target  report  data 
(beacon  code  2315)  collected  at  Elwood  on  August  25. 

1)  All  the  false  reports  generated  from  sldelobe  and  backlobe 
returns  occurred  at  elevation  angles  above  28®  relative  to  the  interrogator 
indicating  that  the  problem  is  a mismatch  between  the  directional  and 
omnidirectional  antenna  above  this  elevation  (Section  6. 2. 3.1)  at  Elwood. 

2)  Elimination  of  target  reports  with  run  lengths  above  and  below 
some  predetermined  values  will  be  effective  in  reducing  the  number  of  false 
reports  (Section  6. 2. 3. 2). 

3)  The  maximum  altitude  of  the  test  aircraft  v^as  20,000  feet. 

Since  ring  around  at  Elwood  only  occurred  at  elevation  angles  above  28°,  the 
maximum  slant  range  at  which  ring  around  was  observed  was  roughly  seven  nautical 
miles.  However,  since  the  problem  is  one  ot  elevation  angle,  ana  not  range 

or  altitude  alone,  an  aircraft  at  40,000  feet  should  start  to  exhibit  ring 
around  at  approximately  fourteen  nautical  miles.  Thus,  implementing  run 
length  discrimination  below  some  predetermined  range,  such  as  ten  nautical 
miles,  will  not  be  as  effective  as  implementing  the  discriminant  for 
elevation  angles  above  28°.  Elevation  angle  can  be  computed  from  Mode  C 
altitude  data  provided  by  the  aircraft  transponder  (Section  6. 2. 3. 2). 

4)  All  aircraft  above  12,000  feet  will  have  a Mode  C transponder 
and  thus  elevation  angle  can  be  computed  from  slant  range  and  the  available 
altitude  data.  Aircraft  below  12,000  feet  are  not  required  to  squawk 
altitude  data.  Below  12,000  feet,  however,  the  maximum  range  at  which  ring 
around  should  occur  is  about  4 nautical  miles.  Hence,  one  procedure  for 
implementing  the  run  length  discriminant  at  Elwood  would  be: 

a)  If  altitude  is  available  implement  above  28°  elevation, 

b)  If  altitude  is  not  available.  Implement  below  four 
nautical  miles  slant  range. 
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5)  Use  of  elevation  angle  information  as  opposed  to  a fixed 
range  cutoff  for  determining  when  to  implement  the  run  length  discrimina- 
tion results  primarily  in  a reduction  of  the  number  of  real  reports 
eliminated  (a  very  desirable  improvement).  The  effect  on  the  number  of 
false  reports  eliminated  is  small  (Section  6. 2. 3. 2). 

6)  Specific  examples  of  an  application  of  run  length  discrimination 
are  given  in  Sections  6.2.3  through  6.2.5.  These  examples  illustrate  that  run 
length  can  be  an  effective  discriminant.  The  actual  values  for  upper  and 
lower  run  length  cutoffs  were  judiciously  chosen  to  illustrate  a point  with 
the  data  at  hand.  However,  it  is  not  recommended  that  these  cutoff  values 

be  used  wi;;hout  a more  extensive  evaluation  of  the  effectiveness. 

2.1.2  F.lwood  Targets  of  Opportunity  (Section  6.2.4) 


This  part  of  the  investigation  was  conducted  to  insure  that  the 
test  target  characteristics  and  characteristics  of  targets  of  opportunity 
in  the  Elwood  data  are  consistent.  The  results  indicate  that  they  are 
consistent . 

2.1.3  Angel  Peak  Data  (Section  6.2.6) 

The  Angel  Peak  data  was  considered  because  of  evidence  that  run 
length  and  elevation  angle  characteristics  might  be  site  dependent. 

The  results  are  consistent  with  Elwood  in  that  ring  around  occurs 
at  higher  elevation  angles.  In  the  Elwood  data  a specific  elevation  angle 
cutoff  was  found  below  which  ring  around  does  not  occur.  The  results  of 
the  Angel  Peak  analysis  Indicate  that  this  cutoff  angle  may  vary  from  site 
to  site.  No  evidence  was  presented  to  indicate  that  run  length  discrimination 
would  not  be  effective  at  Angel  Peak. 

2 . 2 RECOMMENDATIONS 

From  this  investigation,  it  has  been  concluded  that: 

1)  Run  length  discrimination  is  effective  in  reducing  the  number 
of  false  reports  generated  during  ring  around,  and 

2)  The  tendency  of  a target  to  experience  ring  around  is  greater 
as  elevation  angle  Increases.  This  characteristic  was  present  at  both 
Elwood  and  Angel  Peak,  but  the  elevation  angles  involved  were  different, 
indicating  site  dependency. 
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Therefore,  since  run  length  discriminaticn  has  been  shown  to  be  a viable 
technique  for  decreasing  the  number  of  false  reports  caused  by  ring 
around,  it  is  recommended  that  the  FAA  Investigate  further  the  possi- 
bility of  implementing  a discriminant  that  identifies  potentially  false 
reports  based  on  run  length.  Two  major  areas  of  investigation  are 
recommended : 

First,  it  is  recommended  that  an  analysis  of  run  length  and 
elevation  angle  characteristics  be  performed  on  report  data  collected 
from  commissioned  sites.  The  problem  in  using  targets  of  opportunity  at 
commissioned  sites  is  that  ring  around  does  not  occur  frequently  enough 
to  obtain  a good  data  base  from  which  to  extract  characteristics,  so  it 
would  be  necessary  to  provide  a test  target,  as  was  done  in  the  Elwood 
data  collection  (see  Section  4.1.5).  Video  tapes  collected  at  commissioned 
sites  would  then  be  played  through  the  CD  at  Elwood  to  produce  Mode  2 tapes 
of  beacon  replies  and  target  reports  with  run  length.  This  data  would  then 
be  analyzed  to  statistically  quantify  run  length  and  elevation  angle 
characteristics  of  the  report  data.  The  results  would  provide  a sound  data 
base  for  designing  an  algorithm  to  identify  false  reports  generated  during 
ring  around.  Since  it  is  expected  that  site  dependency  is  a factor, 
collecting  data  from  several  different  sites  will  also  indicate  the 
properties  of  parameters,  such  as  actual  run  length  cutoff  points  and 
elevation  angles,  that  will  be  set  differently  at  each  site. 

The  next  area  of  Investigation  should  be  directed  towards 
determining  how  to  best  integrate  run  length  Identification  of  false 
reports  into  the  NAS  system. 

The  two  approaches  most  often  considered  are: 

1)  Perform  run  length  discrimination  at  the  interrogator 
site,  and 

2)  Perform  run  length  discrimination  at  the  ARTCC. 

The  first  approach  has  the  advantage  that  it  imposes  no  additional  processing 
load  on  the  9020  at  the  ARTCC.  However,  as  a disadvantage,  real  reports 
will  occasionally  be  Incorrectly  identified  as  false  reports  and  eliminated. 
The  loss  of  good  reports  will  occur  only  rarely,  and  usually  not  on  successive 
scans,  so  that  the  tracker  at  the  ARTCC  will  fill  in  the  missing  reports  with 
a predicted  position  for  those  aircraft  being  tracked.  It  should  be  pointed 
out  that  the  entire  detection  and  tracking  process  is  statistical  in  nature, 
and  even  with  the  present  system,  real  reports  are  occasionally  deleted,  just 
due  to  the  nature  of  statistical  processes,  with  no  serious  effects  on  air 
safety.  However,  no  matter  how  Innocuous  the  loss  of  these  reports,  such 
losses  should  be  minimized. 


The  second  approach,  to  pass  run  length  to  the  ARTCC  and  perform 
discriminations  there,  adds  the  advantage  that  tracking  prior  to  elimination 
of  reports  can  be  used  to  virtually  prevent  any  loss  of  real  reports  in 
controlled  air  space.  The  problem  associated  with  this  approach  Is  the 
additional  computing  load  Imposed  on  the  9020  system,  wlilcli  is  already  nearing 
capac Ity . 

This  leads  to  a third  technique  that  combines  the  best  aspects 
of  each  approach.  This  is  the  recommended  approach  to  implementing  run 
length  discrimination.  The  discriminant  would  be  implemented  at  the 
Interrogator  site  in  the  Common  Digitizer.  Reports  identified  as  false 
reports  (l.e.,  run  length  too  long  or  too  short)  are  flagged  by  setting  a 
single  bit  In  the  associated  report  message.  All  the  report  messages, 
flagged  or  otherwise,  are  transmitted  to  the  ARTCC,  via  the  modem  lines.  In 
the  ARTCC,  elimination  of  reports  could  then  be  based  on  information  not 
available  on  site,  sucl»  as  tracker  data.  This  approach  has  the  following 
advantages. 

1)  On  site  processing  of  run  length  data  minimizes  the  Increase 
In  data  that  the  9020  at  the  ARTCC  must  handle.  Only  one 
extra' bit  of  information  must  be  processed  by  the  9020  for 
each  message. 

2)  Eliminating  the  reports  only  after  proctcslng  in  the  ARTCC 
avoids  loss  of  good  reports. 

3)  Air  safety  Is  enhanced  because  the  presentation  of 
ambiguous  data  to  the  air  traffic  controller  is  reduced. 

This  suggested  approach  does  not  indicate  what  will  be  done  with 
the  additional  bit  after  the  report  data  is  passed  to  the  ARTCC.  Tlie  problem 
of  how  to  use  the  discriminant  Infornwtlon  is  non-trlvlal,  and  therefore 
beyond  the  scope  of  the  present  investigation.  The  many  factors  Involved, 
such  as  tradeoffs  between  processing  on  site  versus  processing  at  the  ARTCC, 
costs,  benefits,  and  approaches  to  utilizing  the  demonstrated  ability  of 
the  discriminant  to  effectively  identify  a significant  percentage  of  false 
reports,  make  additional  investigation  necessary  if  optimal  integration 
into  the  NAS  system  is  to  be  accomplished. 
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3.0  ANALYSIS  APPROACH 


This  section  presents  a summary  of  the  overall  analysis  approach 
followed  by  the  details  of  the  specific  stages  In  the  Investigation.  This 
approach  Is  discussed  In  detail  In  Reference  3.  Figure  3-1  Is  a flowchart 
of  the  study  plan  Illustrating  the  significant  tasks  of  the  Investigation. 
The  corresponding  section  number  for  each  major  task  describing  that  aspect 
of  the  investigation  Is  given  In  the  figure. 


! ■ 
n 

1 ’ 

f 

i ^ 
] 

!' 


Initially  the  investigation  was  to  be  conducted  utilizing  data 
collected  at  commissioned  en  route  ARSR  sites.  However,  data  collected  from 
the  Angel  Peak  site  near  Las  Vegas,  Nevada  did  not  have  a sufficient  number 
of  occurrences  of  severe  ring  around.  Consequently,  the  investigation  was 
expanded  to  Include  data  collected  at  the  NAFEC  test  site  in  Elwood,  N.J. 
while  a test  target  was  flying  on  radlals  to  and  from  the  Interrogator.  The 
data  collected  Includes  (1)  analog  recordings  of  beacon  video  with  known 
ring  around  problems,  (2)  corresponding  CD-Records  made  from  real  time 
recorded  FR-l800's,  (3)  CD-Records  produced  by  playing  the  analog  video 
tapes  through  the  specially  equipped  CD  at  Elwood,  N.J.,  and  (4)  associated 
AI  Mode  2 tapes  of  beacon  replies  and  reports  (including  beacon  run  length). 

The  integrity  of  the  playback  data  was  verified  via  comparison  of 
the  CD-Records  made  during  playback  of  analog  video  with  the  CD-Records 
produced  from  the  FR-1800  recorded  during  the  data  collection  with  respect 
to  both  statistical  characteristics  and  actual  displayed  target  reports.  The 
comparisons  utilized  the  CD-Record  Display  Analysis  Program  and  the  Target 
Report  Ambiguity  Analysis  Package  (TRAAP) . Also,  the  severity  and  character- 
istics of  ring  around  in  all  the  data  at  the  target  report  level  were 
observed  with  displays  and  statistically  quantified.  Then,  using  the  Al 
Mode  2 Reply  Display  Analysis  Program,  specific  examples  of  ring  around  were 
Isolated  and  the  beacon  reports  and  corresponding  beacon  replies  were  docu- 
mented. The  examples  were  Inspected  to  determine  what,  if  any  characteristics 
exist  in  the  reply  data,  that  could  be  used  to  Implement  a false  target 
discriminant  which  would  reduce  the  ring  around  problem.  It  was  determined 
at  this  stage  that  a discriminant  using  run  length  and  elevation  angle  Infor- 
mation could  potentially  be  effective  in  identifying  false  reports  generated 
during  ring  around. 

The  next  stage  in  the  investigation  was  the  development  of  a 
computer  simulation  that  takes  as  input  the  AI  Mode  2 replies,  centroids 
them,  using  the  CD  algorithms,  and  outputs  beacon  target  reports.  The  primary 
reason  for  developing  the  simulator  was  to  simulate  the  effect  of  Implementing 
proposed  discriminants.  In  addition,  the  simulator  provided  a means  for 
obtaining  run  length  information  for  the  Angel  Peak  data.  Normally,  this 
information  appears  In  the  AI  Mode  2 data  but  it  was  Inadvertantly  omitted 
from  the  Angel  Peak  data.  The  simulator  generates  run  length  Information 
in  the  same  way  that  the  CD  at  F.lwood  does  during  centroidlng  of  replies. 
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Finally,  the  proposed  discriminant  was  evaluated  using  statis- 
tical tools  and  th^  « nulator.  The  results,  conclusions,  and  recommenda- 
tions which  emerged  ^..e  documented  by  this  report. 
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4.0  COLLECTION  AND  VERIFICATION  OF  DATA 

4.1  DATA  COLLECTION 

4.1.1  Interrogator  Sites  Used  for  Data  Collection 

Video  data  for  this  Investigation  was  provided  from  two  sources, 
the  Angel  Peak  site  near  l.as  Vegas,  Nevada  (a  commissioned  site)  and  the 
NAFEC  site  at  Elwood,  N.J.  Originally,  the  investigation  was  to  be  carried 
out  using  data  from  commissioned  sites  only.  However,  preliminary 
results  from  the  Angel  Peak  data  indicated  an  insufficient  number  of  ring 
arounds  to  perform  an  adequate  analysis.  For  this  reason,  it  was  jointly 
agreed  by  the  FAA  and  the  Laboratory  that  video  data  would  be  recorded 
at  the  NAFEC  site  at  Elwood,  N.J.  while  an  FAA  test  aircraft  flew  patterns 
that  passed  directly  over  the  interrogator. 


4.1.2  Equipment  Configuration  for  the  Angel  Peak  Data  Collection 

Figure  4-1  is  a block  diagram  of  the  equipment  used  for  the 
data  collection  at  the  Angel  Peak  site.  At  the  Angel  Peak  site  were  an 
Air  Traffic  Control  Beacon  Interrogator,  a RCA  Advisor  analog  video  recorder, 
and  a Common  Digitizer  (CD).  The  target  reports  generated  by  the  CD  were 
transmitted  via  a modem  line,  as  shown  in  Figure  4-1,  to  the  Air  Route 
Traffic  Control  Center  (ARTCC)  at  Los  Angeles,  where  they  were  recorded 
on  an  FR-1800  tape.  Time  recorded  on  the  FR-1800  tape  was  the  time  of  day 
when  the  tape  was  made. 

4.1.3  Equipment  Configuration  at  NAFEC 

Figure  4-2  is  a block  diagram  of  the  equipment  configuration 
at  NAFEC  used  for  the  Elwood  site  data  collection  and  subsequent  reduction 
of  both  Elwood  data  and  Angel  Peak  data.  The  Air  Traffic  Control  Beacon 
Interrogator  (ATC  BI),  FR-950  video  recorder.  Common  Digitizer  (CD),  and 
Auxiliary  Interpreter  (D-machine  or  AI)  are  located  at  the  Elwood  site. 

The  ARTCC  is  located  at  NAFEC  in  Atlantic  City.  The  Elwood  CD  is  a special 
"Enhanced  Common  Digitizer"  which  is  equipped  with  an  Auxiliary  Interpreter 
(AI),  The  AI  performs  several  functions,  including  interaction  with  the  CD 
during  radar  processing  (see  Section  5.2  of  Reference  1).  The  primary 
function  of  the  AI  during  collection  of  data  was  the  extraction  of  beacon 
reply  Information. 

The  video  input  to  the  common  digitizer  can  come  from  either  of 
two  sources.  First,  the  ATC  BI  may  be  turned  on,  and  real  time  video  from 
its  receiver  Inputted  to  the  CD.  The  alternate  video  source  is  the  FR-950 
analog  recorder.  Whenever  real  time  video  was  used,  a simultaneous  FR-950 
analog  recording  of  the  beacon  video  was  made. 
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FIGURE  4-2;  EQUIPMENT  CONFIGURAtlON  AT  NAFEC 


Another  piece  of  equipment  at  the  Elwood  facility  (not  shown 


in  Figure  4-2)  is  the  PPI-RAPPI  display  console.  This  display  can  he 
used  to  look  at  raw  video,  in-process  target  reports  and  completed  target 
reports  in  the  CD. 

A time  code  generator  is  also  present  at  the  Elwood  facility 
for  generating  a time  code  that  is  written  on  the  FR-950  tape  during  i 

recording  and  for  decoding  and  displaying  FR-950  time  during  playback  of  j 

the  FR-950.  The  ITI-RAPPI  console  also  contains  a real  time  clock  which 
is  usually  set  to  the  time  of  day  (VWV).  The  time  displayed  on  the  console 
is  synchronized  with  a clock  at  the  ARTCC  which  puts  time  on  the  FR-1800 
tape.  Time  references  exist  therefore,  for  FR-950  tapes  and  CD  Record 
tapes  (made  from  the  FR-1800)  and  the  AI  Mode  2 tapes. 

4.1.4  Collection  of  Angel  Peak  Data 

This  section  addresses  the  collection  of  data  at  the  Angel  Peak 
site  by  Mr.  Robert  Delaney  of  NAFEC.  Table  4-1  lists  the  conditions 
during  this  data  collection. 

TABLE  4-1 

CONDITIONS  DURING  THE  ANGEL  PEAK  DATA  COLLECTION 

Site  - Angel  Peak,  Nevada 

Date  of  Collection  - December  7 and  8,  1976 
Video  Recorder  - RCA  Advisor 


CD-Parameters : 


Azimuth  Correction  Factor  ■ -2  ACP's 
Mode  Interlace  “ A,  A,  C 

Altimeter  Setting  (Not  recorded") 


The  equipment  configuration  is  shown  In  Figure  4-1.  Beacon  video 
for  targets  of  opportunity  was  collected  at  Angel  Peak  on  the  RCA  Advisor 
recorder.  Simultaneously,  an  FR-1800  tape  of  the  digital  target  reports 
transmitted  to  the  ARTCC  at  Los  Angeles  via  the  modem  lines  was  being  recorded. 
This  data  is  described  as  field  recorded  data.  Table  4-2  lists  the  RCA 
Advisor  tapes  collected  at  Angel  Peak. 
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TABLE  4-2 


RCA  ADVISOR  VIDEO  TAPES  COLLECTED  AT  ANCEL  PEAK 
December  7 and  8,  1976 


Advisor  Tape 

Date 

*Zulu  Time 

Start  End 

1 

12/8/76 

00:07:00 

00:33:o0 

2 

12/8/76 

o 

o 

o 

o 

o 

o 

a; 

O 



3 

12/8/76 

18:34:00 

19:03:00 

4 

12/7/76 

19:54:00 

20:12:00 

*See  glossary 


4.1.5  Data  Collection  at  NAFEC 


In  support  of  this  investigation  the  FAA  conducted  data 
collection  operations  on  August  25  at  the  ARSR-2/ATC  BI-3  site  in 
Elwood,  N.J.  The  purpose  of  this  data  collection  was  to  provide  beacon 
reply  tape  data  and  corresponding  CD-Record  data  for  use  on  the  follow-on 
investigation. 

4. 1.5.1  Test  Aircraft 

The  purpose  of  this  data  collection  was  to  gather  data  to  be 
used  for  investigation  of  ring  around.  To  insure  that  sufficient  ring 
arounds  occurred,  a test  aircraft  was  used.  The  aircraft,  a Convalr  880, 
flew  radials  to  the  Elwood  site  passing  directly  over  the  facility.  With 
the  test  aircraft,  the  proper  geometry  for  high  Incidence  of  ring  around 
could  be  maintained.  The  test  aircraft  beacon  code  was  2315. 

4. 1.5. 2 Data  Collected 

The  data  collection  utilized  the  equipment  shown  in  Figure  4-2. 
Refer  to  the  figure  as  necessary.  During  the  run,  both  beacon  video  and 
MTI  search  radar  video  were  recorded  on  the  FR-950  tapes.  MTI  video  was 
not  recorded  for  the  entire  data  collection  because  the  radar  was  turned 
off  during  the  run  to  prevent  RFI  from  affecting  the  AI.  In  addition,  an 
FR-1800  tape  of  the  data  transmitted  across  the  modem  lines  to  the  air  route 
traffic  control  center  (ARTCC)  was  made.  The  auxiliary  Interpreter  did  not 
function,  thus  real  time  Mode  2 reply  data  was  not  collected.  The  loss  of 
real  time  Mode  2 tape  data  did  not  affect  the  investigation,  which  utilized 
playback  data. 
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Following  is  a list  of  notes  taken  during  the  data  collection. 


Data  Record 

Time  Synchronization: 

The  ARTCC  time  was  reported  to  be  synchronized  to  bW. 

Elwood  Real  Time  Clock  (RTC)  was  18  seconds  behind  WW. 

FR-1800: 

Start  Time  - Approximately  13:30:00 
Stop  Time  - Approximately  14:54:00 

FR-950: 

Three  tapes  were  made.  The  designation,  start  and  stop  times 
are  listed.  The  FR-950  recorder  was  sometimes  halted  «;hen  the 


test  aircraft 

was  not 

near  the  Elwood  site. 

Ta 

pe  77-15 

Taj 

)e  77-16 

Tape  77-17 

Start 

- 13:11:43 

Start 

- 13:43:52 

Start  - 14:30:47 

Stop 

- 13:31:13 

Stop 

- 13:55:10 

Stop  - 15:04:00 

Start 

- 13:34:00 

Start 

- 13:58:42 

Stop 

- 13:43:00 

Stop 

- 14:03:15 

Start 

- 14:13:24 

Stop  - Approx.  14:21:55 
Start  - 14:22:55 
Stop  - 14:28:00 

Beacon  Interrogator: 

The  beacon  interrogator  was  on  for  the  entire  run.  Mode 
interlace  was  3/A,  3/A,  C. 

ARSR-2: 

The  ARSR-2  was  on  at  the  beginning  of  the  run.  It  was  turned 
off  at  13:54:00. 

Run  Length  Reporting:  Was  enabled  (LSB  « 4) 

Report  Data  on  Mode  2:  Was  enabled  but  AI  was  not  operative 
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Auxiliary  Interpreter:  Was  not  operative 
360/sec 

Rate:  9.61  sec/scan 
6 
2 
5 

Azimuth  Correction:  -4  ACP's 
RAPPI  Console  Listing: 

The  test  target  was  manually  tracked  at  the  RAPPI  console 
with  a ball  tab  cursor.  A printout  of  CD  data  was  obtained 
for  this  target  as  a result  of  the  tracking. 

Photography: 

Raw  beacon  video  was  photographed  during  the  run  at  a FPI 
display. 

4.1.6  Follow-Up  Reduction  at  NAFEC 

The  investigation  required  AI-Mode  2 recordings  of  reply  data 
and  corresponding  CD-records.  The  FR-950  tapes  (77-15,  77-16,  77-17)  made 
at  Elwood  and  Advisor  Tapes  1 through  4 made  at  Angel  Peak  were  played  through 
the  Elwood  CD  at  a later  date.  During  this  playback,  Al-Mode  2 data  and 
FR-1800  data  were  recorded.  CD-Records  were  made  at  NAFEC  from  these 
FR-1800  as  well  as  from  the  FR-1800  tapes  taken  during  the  original  data 
collections  at  Elwood  and  Angel  Peak.  The  AT  Mode  2 tapes  and  corres- 
ponding CD-Record  data  were  forwarded  to  the  Laboratory  for  analysis. 

During  playback  of  the  FR-950  data,  the  CD  parameters  T^,  Ty,  T.^. 
were  Tl  ■ 6,  .Tf  - 2,  Ty  - 5.  Run  length  reporting  was  selected  during 
playback  of  the  Elwood  video  but  not  during  playback  of  the  Angel  Peak 
video. 

4.2  DATA  RECEIVED  AND  VERIFICATION  THEREOF 

This  section  lists  the  tapes  received  by  the  Laboratory  as  a 
result  of  the  Elwood  and  Angel  Peak  data  collection  operations  and  discusses 
the  results  of  a review  of  each  data  set  that  was  conducted  to  determine 
the  quality  of  the  data  received. 


PRF: 

Scan 
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4.2.1  Review  of  Angel  Peak  Data 

This  section  documents  the  dat.i  tapes  received  by  the  Laboratory 
as  a result  of  the  data  collection  effort  at  Angel  Peak,  Nevada, 

4. 2. 1.1  Tapes  Received  from  the  Angel  Peak  Data  Collection 

The  tapes  received  are  listed  in  Table  4-3  along  with  the 
corresponding  video  source.  The  CD-Record  "Field"  tapes  were  made  from 
FR-1800  tape  data  recorded  In  real  time  from  the  modem  line  at  the  lx>s 
Angeles  ARTCC  during  data  collection  operations.  These  tapes  contain 
report  data  generated  by  the  CD  at  the  Angel  Peak  site.  The  RCA  Advisor 
video  tape  source (s)  were  also  recorded  during  the  data  collection,  then 
played  through  the  Elwood  CD  at  a later  date  to  produce  the  CD-Record  tapes 
(labeled  VT  for  video  tape)  and  Auxiliary  Interpreter  (AI)  Mode  2 tapes 
listed.  The  numbers  in  the  tape  labels  indicate  corresponding  sets  of 
Field  recorded  CD-Records,  video  tape  CD-Records,  and  AI  Mode  2 tapes. 

Each  set  of  3 tapes  with  the  same  number  contains  corresponding  data. 

4. 2. 1.2  9-7  Track  Conversion  of  Angel  Peak  Data  Tapes 

The  9 track  tapes  received  from  the  FAA  must  be  converted  to 
7 track  tapes  for  processing  in  the  Laboratory  computer  facility.  This 
facility  is  discussed  in  Section  8.3  of  Reference  1,  The  conversion  is 
accomplished  in  the  Laboratory  Computer  Aided  Programming  (CAP)  facility. 
Table  4-4  lists  nine  track  tapes  and  the  corresponding  seven  track  tapes. 

4. 2. 1.3  CD-Record  Data  Quality  of  Angel  Peak  Data 

The  CD-Record  tapes  were  reviewed  using  the  CD-Record  Target 
Report  Display  and  Target  Report  Ambiguity  Analysis  Package  (TRAAP)  which 
are  documented  in  Section  8.3  of  Reference  1.  This  review  was  carried  out 
to  determine  the  quality  of  the  recorded  data  and  to  insure  that  instances 
of  beacon  ring  around  are  included.  The  results  of  the  review  using  the 
display  system  are  listed  in  Table  4-5.  Under  the  TIME  column  of  Table  4-5, 
the  start  and  stop  times  that  are  recorded  on  the  tape  are  listed.  The 
CD-Record  field  tape  times  were  recorded  from  a real  time  clock  data  during 
collection  operations.  The  recorded  time  on  the  other  tapes  is  the  time 
of  dav  when  the  corresponding  video  tape  was  played  through  the  CD  at 
Elwood.  Under  the  TIME  CORRESPONDENCE  column,  an  arbitrarily  selected  time 
from  each  tape  is  listed  under  TAPE  TIME  next  to  the  corresponding  real 
time.  The  time  correspondence  for  tape  CD-Record  QAS  ^IVT  was  verified 
during  the  analysis  as  indicated  by  the  X in  the  "verified"  column.  The 
time  correspondence  for  the  other  tapes  was  provided  by  NAFEC  but  was  not 
verif led. 
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TABLE  4-3 

TAPES  RECEIVED  FROM  THE  ANGEL  PEAK  DATA  COLLECTION 


TAPE 

VIDEO  SOURCE 

CD-Record  QAS  1,  2 FIELD 

Real  Time  Video 

CD-Record  QAS  3 FIELD 

Real  Time  Video 

CD-Record  QAS  4 FIELD 

Real  Time  Video 

CD-Record  QAS  1 VT 

Advisor  ill  and  2 

CD-Record  QAS  2 VT 

Advisor  il2 

CD-Record  QAS  3 VT 

Advisor  il3 

CD-Record  QAS  4 VT 

Advisor  //4 

AI-Mode  2 QAS  1 D 

Advisor  ill  and  2 

AI-Mode  2 QAS  2 D 

Advisor  ill 

AI-Mode  2 QAS  3 D 

Advisor  il3 

AI-Mode  2 QAS  4 D 

Advisor  #4 

}: 


TABLE  4-A 


9 AND  7 

TRACK 

TAPE* 

CD-Record 

QAS 

1 

, 2 FIELD 

CD-Record 

QAS 

3 

FIELD 

CD-Record 

QAS 

A 

FIELD 

CD-Record 

QAS 

1 

VT 

CD-Record 

QAS 

2 

VT 

CD-Record 

QAS 

3 

VT 

CD-Record 

QAS 

A 

VT 

AI-Mode  2 

QAS 

1 

D 

A I -Mode  2 

QAS 

2 

D 

AI-Mode  2 

QAS 

3 

D 

AI-Mode  2 

QAS 

A 

D 

*9  and  7 track  tape  have  the  same  name 


TABLE  4-5 

REVIEW  OF  CD-RECORD  TAPES  FROM  ANGEL  PEAK  DATA  COLLECTION 


The  DATA  CONTENT  column  of  Table  4-5  Indicates  the  presence  of 
search  or  beacon  data  on  the  tapes.  Only  beacon  data  was  recorded. 

The  reason  that  the  Angel  Peak  video  tapes  were  played  through 
the  Elwood  CD  was  to  obtain  Mode  2 tapes  of  reply  data.  This  data  can 
only  be  obtained  from  the  Auxiliary  Interpreter  that  is  located  at 
Elwood,  N.J.  However,  since  the  data  must  be  played  through  the  CD  at 
the  Elwood  site,  it  is  necessary  to  verify  that  the  resulting  report  data 
out  of  the  Elwood  CD  corresponds  with  the  reports  issued  by  the  Angel  Peak  CD 
during  the  real  time  processing  of  the  video  that  was  recorded  at  Angel  Peak. 
Tapes  QAS  1 FIELD  recorded  live  during  the  Angel  Peak  data  collection  and 
the  corresponding  tape,  QAS  1 VT,  recorded  at  NAFEC  from  the  video  tape, 
were  selected  for  this  purpose.  Figure  4-3  is  the  resulting  display  when 
beacon  reports  from  the  CD-Record  made  from  live  data,  displayed  in  green, 
are  overlapped  with  beacon  reports  made  from  the  corresponding  video  tape 
at  Elwood,  displayed  in  red.  Where  red  and  green  overlap,  indicating 
a coincidence  of  the  reports,  a yellow  color  appears.  Separate  red  reports 
indicate  lack  of  coincidence  between  the  reports.  As  the  figure  shows,  the 
data,  for  the  most  part,  coincides.  Differences  in  jitter  and  gain  settings 
between  the  two  CD's  while  processing  the  data  is  the  most  probable  cause  of 
differences.  Such  variations  can  cause  some  differences  in  the  ring  around 
patterns  observed  and  should  be  considered  when  conclusions  are  drawn 
from  the  data.  In  particular,  a change  in  gain  may  cause  run  length  to 
vary  some,  but  this  effect  should  be  small,  since  the  cause  of  ring  around 
is  failure  of  sidelobe  suppression  which  is  not  related  to  CD  gain  at  the 
video  input  port. 


4. 2. 1.4  Presence  of  Ring  Around  in  the  Angel  Peak  Data 

CD-Record  tapes  QAS  1 VT  through  QAS  4 VT  were  reviewed  for  the 
presence  of  ring  around  using  the  TRAAP  system.  The  term  ring  around 
generally  refers  to  a severe  case  of  sidelobe  splitting,  as  it  is  generated 
because  of  transponder  interrogation  and  replies  that  occur  in  the 
Interrogator  antenna  sldelobes.  The  TRAAP  system  detects  the  sidelobe 
splits  and  classifies  them  as  such  on  the  basis  of  the  criteria  given  in 
Table  4-6. 


CD-Record  Tape  Data 

Tape  Name:  QAS  #1  VT 

(Playback) 

Time  Frame:  11:12:03  to  11:37:03* 
Ring  Range  Interval  (nml) : 75 

Beacon  Color:  Red 

Beacon  Symbol:  Dot 
Search  Color:  None 

Search  Symbol:  None 


CD-Record  Tape  Data 

Tape  Name:  QAS  //I  FIELD 

(Real  Time) 

Time  Frame:  00:08:00  to  00:33:00* 
Range  Ring  Interval  (nmi) : 75 

Beacon  Color:  Green 

Beacon  Symbol:  Dot 


Figure  4-3  Comparison  of  Real  Time 
Data  at  Angel  Peak  with 
Playback  Data  at  Elwood 


*Tlme  frames  selected  to  correspond 
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TABLE  4-6 

SIPELOBE  DETECTION  CRITERIA 


EA.  Range  Separation  (AR) : 0 nml  s,  AR  < 0.250  nml 

B.  Azimuth  Separation  (AO) : 3 1 AO  < 180® 

C.  Duplicate,  discrete  beacon  code  required 


I: 


I 


Because  only  discrete  codes  are  used  for  this,  any  cases  of 
sidelobe  splitting  or  ring  around  that  occur  for  non-discrete  beacon  code 
targets  are  excluded.  Thus  the  number  of  sidelobe  ambiguities  detected 
represents  a lower  bound  on  those  that  are  present.  The  detected  sidelobe 
splits  were  listed  by  computer  and  then  inspected.  Those  ambiguities  that 
consisted  only  of  pairs  or  triplets  that  fell  within  90®  of  one  another  were 
not  considered  severe  enough  to  be  called  ring  around.  Most  of  the  observed 
ambiguities  were  found  to  fall  in  this  category.  However,  a few  instances 
were  actual  cases  of  ring  around.  Table  4-7  lists  the  tapes,  the  time 
intervals  considered,  and  the  beacon  codes  for  which  severe  ring  around 
occurred . 


TABLE  4-7 

RING  AROUND  IN  ANGEL  PEAK  DATA 


Tape 

Analysis  Time 
(Tape  Time) 

Codes  of  Targets 
Experiencing 

Ring  Around 

Start 

End 

QAS  #1  VT 

11:12:03 

11:37:03 

None 

QAS  in  VT 

14:08:00 

14:35:15 

0716 

QAS  #3  VT 

16:55:30 

17:11:09 

2530 

QAS  #4  VT 

17:24:00 

17:40:31 

3236 

Figures  4-4,  4-5,  4-6  and  4-7  are  photographs  of  the  CD-Record 
tape  data  for  tapes  QAS  1 VT,  QAS  2 VT,  QAS  3 VT,  and  QAS  4 VT  displayed 
over  the  time  Intervals  in  Table  4-7.  Only  discrete  beacon  code  reports 
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CD- Record  Tape  Data 
Tape  Name;  QAS  #1  VT 

Time  Frame;  11;12;03  to  11;37;03 

Range  Ring  Interval  (nmi);  10 
Beacon  Color;  Red  or  Green 

Beacon  Symbol;  X or  Dot 

Search  Color;  None 

Search  Symbol;  None 

Ambiguities 

Min  Range  Sep  (nmi);  0 

Max  Range  Sep  (nmi);  0.250 

Min  Az  Sep;  3° 

Max  Az  Sep;  180° 

Color;  Red 

Symbol;  X 

Duplicate  Discrete  Only;  Yes 

Display 
Discrete  Only 


FIGURE  A-4  QAS  #1  VT  Data 
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CD-Record  Tape  Data 


Tape  Name : QAS  #2  VT 
Time  Frame;  1A;08:00  to  14:35:15 
Range  Ring  Interval  (nmi):  10 
Beacon  Color:  Red  or  Green 
Beacon  Symbol:  X or  Dot 
Search  Color;  None 
Search  Symbol:  None 

Ambiguities 

Min  Range  Sep  (nmi) : 0 

Max  Range  Sep  (nmi):  0.250 


Min  Az  Sep:  3° 

Max  Az  Sep:  180° 

Color:  Red 

Symbol:  X 


Duplicate  Discrete  Only:  Yes 


FIGURE  4-5  QAS  #2  VT  Data 


Display 
Discrete  Only 
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CD- Record  Tape  Data 


Ta  pe  Name : 


Time  Frame: 


QAS  #3  VT 


16:55:30  to  17:11:09 


Range  Ring  Interval  (nmi) : 10 


Beacon  Color:  Red  or  Green 


Beacon  Symbol : X or  Dot 

Search  Dolor:  None 


Search  Svmbol:  None 


Ambiguities 


Min  Range  Sep  (nmi):  0 
Max  Range  Sep  (nmi):  0.250 
Min  Ar  Sep:  3° 

Max  Az  Sep:  180° 

Color:  Red 


Symbol ! 


Duplicate  Discrete  Only:  Yes 


FIGURE  A- 6 QAS  #3  VT  Data 


Display 
Discrete  Only 
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CD- Re cord  Tape  Data 


Tape  Name:  QAS  VT 
Time  Frame:  17:24:00  to  17:40:31 
Range  Ring  Interval  (nml):  10 
Beacon  Color:  Red  or  Green 

Beacon  Symbol:  X or  Dot 

Search  Color:  None 

Search  Symbol:  None 


Ambiguities 

MIN  Range  Sep  (nmi):  0 

Max  Range  Sep  (nmi):  0.250 


Min  Ar  Sep:  3® 

Max  A/  Sep:  180^ 

Color:  Red 

Symbo  1 : X 


Duplicate  Discrete  Only:  Yes 


FIGURE  4-7  QAS  #4  VT  Data 


Display 
Discrete  only 


are  shown.  In  this  display,  normal  reports  are  displayed  as  green  dots. 
Those  reports  for  which  an  ambiguity  was  detected,  using  the  criteria  of 
Table  4-6,  are  displayed  as  a red  X symbol.  The  range  ring  Interval  in 
the  four  figures  is  10  nml.  These  displays  were  observed  as  the  reports 
were  put  up  scan-tb-scan,  and  it  was  evident  that,  although  many  sidelobe 
type  splits  occurred  (see  Section  8.4.3  of  Reference  1),  few  were  severe 
enough  to  be  called  ring  around,  as  Table  4-7  shows. 

The  results  of  this  analysis  were  shown  to  the  FAA  and  it  was 
suggested  by  the  FM  that  a test  aircraft  be  flown  at  NAFEC  over  the 
Elwood  Interrogator  site  to  provide  more  ring  around  data  (see  Reference  5). 
This  was  done  on  August  25,  1977. 

4. 2. 1.5  Auxiliary  Interpreter  Mode  2 Tape  Data  Quality  (Angel  Peak  Data) 

The  AI  Mode  2 tapes  from  the  Angel  Peak  data  collection  were 
reviewed  using  the  Reply  Display  described  in  Section  8.3  of  Reference  1. 
This  review  was  undertaken  to  insure  that  the  data  is  good  and  that  replies 
corresponding  to  the  detected  sidelobe  splits  and  ring  arounds  can  be 
located.  The  results  are  listed  in  Table  4-8. 

A recently  installed  Burroughs  modification  to  the  AI  allows 
time  to  be  recorded  on  the  AI  Mode  2 tapes  (Reference  6).  Thus  this 
examination  of  the  time  data  was  not  only  to  determine  the  time  on  the 
tapes,  but  to  insure  that  time  recording  was  Indeed  functioning  properly. 

The  TIME  DATA  QUALITY  column  in  Table  4-8  indicates  this.  The  start  and 
end  times  are  listed  under  the  TIME  column.  These  times  are  tape  times 
and  correspond  to  the  tape  time  on  the  corresponding  CD-Record  tapes  given 
in  Table  4-5. 


The  upper  and  lower  cutoff  for  recording  of  the  report  and  reply 
data  on  the  AI  Mode  2 tapes  is  listed  in  the  RANGE  LIMITS  column  of  Table  4-8. 

Specific  items  that  were  checked  were  report  data  (beacon,  search), 
presence  of  reply  data,  and  presence  of  run  length  reporting.  Appropriate 
columns  appear  in  Table  4-8.  All  the  AI  Mode  2 tapes  had  beacon  only  target 
reports  and  good  reply  data,  but  run  length  reporting  was  not  Implemented. 

4.2.2  Review  of  Elwood  Data 


This  section  documents  the  receipt  of  data  tapes  from  the  August  25 
data  collection  effort  at  Elwood.  These  tapes  were  reviewed  for  data  quality 
and  presence  of  ring  around  targets.  During  the  initial  review  of  the 
data  received,  it  was  found  that  the  Mode  2 tape  made  from  FR-950  //77-lb 
had  no  report  data  for  the  first  452  records  which  Is  about  5 mlnues  or 
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NOTE:  Range  limits  for  all  data:  ~ 2.5  nmi  to  256  nmi. 


50  scans.  In  addition,  time  data  on  this  tape  was  bad.  This  was 
reported  to  the  FAA  and  another  CD-Record  and  corresponding  Mode  2 tape 
was  made  from  this  FR-950  tape.  This  tape'  was  found  to  be  adequate  and 
the  results  of  the  review  addressed  here  are  from  the  later  tapes.  (See 
References  7 and  8). 

4. 2. 2.1  Tapes  Received  from  Elwood  Data  Collection 

The  tapes  received  are  listed  in  Table  4-9,  along  with  the 
corresponding  video  source.  The  CD-Record  live  tape  was  made  from  the 
FR-1800  tape  that  recorded  the  modem  line  data  in  real  time  during  the 
August  25  data  collection.  The  FR-950  sources  also  recorded  during  the 
August  25  data  collection  were  played  through  the  Elwood  Common  Digitizer 
(CD  to  produce  the  CD-Record  tape  and  Auxiliary  Interpreter  (AI)  Mode  2 
tapes  listed. 

Note  that  AI  Mode  2 tapes  1,  2 and  3 correspond  to  the  CD-Record 
tapes  1,  2 and  3 respectively,  since  each  corresponding  pair  is  made  from 
the  same  FR-950  tape.  Each  pair  of  tapes  was  made  simultaneously. 

4. 2. 2. 2 9-7  Track  Conversion  of  Elwood  Data  Tapes 

The  9 track  tapes  received  from  the  FAA  must  be  converted  to 
7 track  tapes  for  processing  in  the  Laboratory  computer  facility.  This 
facility  is  discussed  in  Section  8.3  of  Reference  1.  The  conversion  is 
done  in  the  Laboratory  Computer  Aided  Programming  (CAP)  facility.  The  data 
recorded  in  nine  track  tape  format  physically  uses  more  tape  when  converted 
to  the  seven  track  tape  format.  Consequently  data  recorded  on  a single 
nine  track  tape  reel  may  require  two  reels  when  recorded  in  the  seven  track 
format.  Table  4-10  lists  the  nine  track  tapes  and  corresponding  seven 
track  tapes.  As  the  table  shows,  AI  Mode  2 tapes  1 and  2 each  required 
two  reels  (designated  Part  A and  Part  B)  in  the  seven  track  format. 

4. 2. 2. 3 CD-Record  Data  Quality  of  Elwood  Data 

The  CD-Record  tapes  were  reviewed  using  the  CD-Record  Target 
Report  Display  and  Target  Report  Ambiguity  Analysis  Package  (TRAAP)  which 
are  documented  in  Section  8.3  of  Reference  1.  This  review  was  carried  out 
to  determine  the  quality  of  the  recorded  data  and  to  Insure  that  instances 
of  beacon  ring  around  are  included.  The  results  of  review  using  the  display 
system  are  listed  in  Table  4-11. 

Under  the  TIME  column  of  Table  4-11,  the  start  and  stop  times 
that  are  recorded  on  the  tape  are  listed.  The  CD-Record  live  tape  was 
recorded  from  the  Elwood  clock  (synced  to  WWV  time)  in  real  time  during 
the  August  25  data  collection.  The  recorded  time  on  the  other  tapes  is  the 
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TABLE  4-9 


TAPES  RECEIVED 

FROM  THE  ELWOOD  DATA  COLLECTION 


TABLE  A-10 


9-7  TRACK  CONVERSION  OF  ELWOOD  DATA 


9 TRACK  TAPE 

7 TRACK  TAPE 

CD-Record  Live 

CD-Record  Live 

CD-Record  Tape  1 

CD-Record  Tape  1 

CD-Record  Tape  2 

CD-Record  Tape  2 

CD-Record  Tape  3 

CD-Record  Tape  3 

AI  Mode  2 Tape  1 

AI  Mode  2 Tape  1 Part  A 

AI  Mode  2 Tape  1 Part  B 

AI  Mode  2 Tape  2 

AI  Mode  2 Tape  2 Part  A 

AI  Mode  2 Tape  2 Part  B 

AI  Mode  2 Tape  3 

AI  Mode  2 Tape  3 

t 


time  of  day  when  the  FR-950  tape  was  played  through  the  CD.  I'nder  the 
TIME  CORRESPONDENCE  column,  an  arbitrarily  selected  time  from  each  tape 
is  listed  under  TAPE  TIME  next  to  the  corresponding  time  of  day  on 
August  25  under  REAL  TIME. 

The  live  tape  and  tape  1 had  adapter  codes  (Appendix  A).  These 
adapter  codes  should  be  selected  when  using  the  analysis  programs,  par- 
ticularly in  the  case  of  the  live  tape  as  it  has  data  from  another  site 
on  it  as  well  as  the  Elwood  site  data.  Use  of  the  adapter  code  selects 
only  the  Elwood  data.  The  codes  72,  73,  74  are  recorded  as  EBCDIC  characters 
on  the  tape  (listed  in  the  EBCDIC  column  of  Table  4-11).  The  corresponding 
octal  number,  determined  as  described  in  Appendix  A,  is  listed  under  OCTAL. 

The  cutoff  ranges  are  listed  under  the  column  designated  RANGE 
LIMITS  - Targets  above  the  upper  limits  and  below  the  lower  limits  are  not 
recorded.  This  does  not  imply  that  the  data  was  not  processed.  In  the 
case  of  the  live  tape,  of  course,  data  is  not  processed  above  256  nmi  because 
this  is  the  maximum  range  of  CD  processing  in  the  1/4  nautical  mile  range 
cell  mode.  However,  though  CD-Record  data  was  not  recorded  above  28  nmi 
for  tapes  1,  2 and  3,  it  was  processed  in  the  CD  and  is  present  on  the 
corresponding  AI  Mode  2 tape  data. 

The  real  time  azimuth  data  was  referenced  to  true  north. 

However,  the  recorded  azimuth  on  the  FR-950  tapes  was  with  respect  to 
a different  zero  reference  because  of  a data  recording  problem  that  existed. 
The  azimuth  offset  of  the  recorded  data,  with  respect  to  the  real  time 
azimuth  is  listed  under  the  AZIMUTH  OFFSET  column. 

The  DATA  CONTENT  column  of  Table  4-11  indicates  the  presence  of 
search  or  beacon  data  on  the  tapes.  Only  the  live  tape  had  both  search  and 
beacon  data. 

4. 2. 2. 4 Presence  of  Ring  Around  in  Elwood  Data 

CD-Record  tapes  1,  2 and  3 were  reviewed  for  the  presence  of 
ring  around  using  the  TRAAP  system.  The  term  ring  around  generally  refers 
to  a severe  case  of  sldelobe  splitting,  as  it  is  generated  because  of 
transponder  Interrogation  and  replies  that  occur  in  the  interrogator  antenna 
sidelobcs.  The  TRAAP  system  detects  the  sldelobe  splits  and  classifies 
them  as  such  on  the  basis  of  the  criteria  given  in  Table  4-12. 
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TAIU.E  4-12 


SIDF.LOBE  DETECTION  CRITERIA 

A.  Ranpe  Separation  (AR) : 0 nml  < AR  1 0.250  nml 

B.  Azimuth  Separation  (A0) ; 3°  i AO  i 180°. 

C.  Duplicate,  discrete  beacon  code  required. 

Because  only  discrete  codes  are  used  for  this,  any  cases  of 
sldelobe  splitting  or  ring  around  that  occur  for  non-discrete  beacon  code 
targets  are  excluded.  Thus  the  number  of  sidelobes  detected  represents 
a lower  bound  on  those  that  are  present.  Visual  observation  of  the  data 
using  the  display  system  revealed,  in  fact,  that  a significant  number  of 
non-discrete  code  targets  experienced  severe  ring  around. 

Table  4-13  lists  the  tapes,  the  analysis  time  Interval  (in 
recorded  tape  time,  not  real  time)  and  the  number  of  sidelobes  detected 
on  each.  It  is  emphasized  that  this  number  is  a lower  bound  on  the  number 
of  sldelobe  splits  available  for  analysis. 

Figures  4-8,  4-9  and  4-10  are  photographs  of  the  CD-Record  tape 
data  for  tapes  1,  2 and  3 displayed  over  the  time  Interval  indicated  in 
Table  4-11.  Only  discrete  code  beacon  target  reports  are  displayed. 

Code  2315  appears  as  an  X symbol,  and  all  others  are  dots.  Duplicate 
Discrete  Code  ambiguities  with  the  separation  criteria  Indicated  in  the 
figure  are  in  red  while  all  other  reports  are  green.  Range  rings  have  a 
5 nautical  mile  interval  and  are  in  blue  with  the  Elwood  site  centered. 

4. 2. 2. 5 Auxiliary  Interpreter  Node  2 Tape  Quality  (Flwood  Data) 

The  A1  Mode  2 tapes  were  reviewed  using  the  Replv  Display  described 
in  Section  8.3  of  Reference  1.  This  review  was  undertaken  to  Insure  that  the 
data  is  good  and  that  replies  corresponding  to  the  detected  sldelobe  splits 
and  ring  arounds  can  be  located.  The  results  are  listed  in  Table  4-14. 

A recently  Installed  Burroughs  modification  to  the  AI  allows  time 
to  be  recorded  on  the  AI  Mode  2 tapes  (Reference  b).  Thus  this  examination 
of  the  time  data  was  not  only  to  determine  the  time  on  the  tapes  but  to 
Insure  that  time  recording  was  Indeed  functioning  properly.  The  TIMl'.  DATA 
QUALITY  column  in  Table  4-14  Indicates  this.  The  start  and  end  times  are 
listed  under  the  TIME  column.  These  times  are  tape  times  and  correspond 
to  the  tape  time  on  the  corresponding  CD-Record  tapes  given  in  Table  4-11. 

The  correspondence  to  real  time  in  Table  4-14  is  identical  to  the  CD-Record 
time  correspondence  given  in  Table  4-11. 
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CD-Record  Tape  Data 


Tape  Name:  Aug  25,  Tape  1,A 

Time  Frame:  10:57:30  - 11:25:00 

Range  Ring  Interval  (nml) : 5 

Beacon  Color:  Red  or  Green 

Beacon  Symbol ; X or  Dot 

Search  Color:  None 

Search  Symbol:  None 

Ambiguities 

Min  Range  Sep  (nmi):  0 
Max  Range  Sep  (nmi);  0.250 
Min  Az  Sep:  3° 

Min  Az  Sep:  180° 

Color:  Red 

Symbol;  X or  Dot 

Duplicate  Discrete  Only:  Yes 


Flagged  Codes 

Code  Symbol  Color 

2315  X Selected 


FIGURE  4-8:  Display  of  August  25 

CD-Record  Tape  1,A  Data 


Display 
Discrete  Only 
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CD- Record  Tape  Data 
Tape  Name:  Aug.  25,  Tape  2, A 

Time  Frame:  12:30:00  - 13:06:00 
Range  Ring  Interval  (nmi):  5 
Beacon  Color:  Red  or  Green 

Beacon  Symbol : X or  Dot 

Search  Color:  None 

Search  Symbol:  None 

Ambiguities 

Min  Range  Sep  (nmi):  0 
Max  Range  Sep  (nmi):  0.250 
Min  A7  Sep:  3° 

Max  Ar  Sep:  180” 

Color:  Red 

Symbol:  X or  Dot 

Duplicate  Discrete  Only:  Yes 

Flagged  Codes 

Code  Symbol  Color 

2315  X Red  or  Green 


FIGURE  4-9: 


Display  of  August 
CD-Record  Tape  2, A 


Display 


25 

Data 


Discrete  Only 


The  upper  and  lower  cutoff  for  recording  of  the  report  and  reply 
data  on  the  AI  Mode  2 tapes  Is  listed  in  the  RANGE  LIMITS  colum  of 
Table  4-14.  Note  that  these  range  limits  differ  from  the  CD-Record  data 
range  limits  in  Table  4-11,  in  that  none  of  the  data  was  cut  off  at  the 
28  nml  limit.  This  cutoff  was  implemented  in  the  reply  data  to  prevent 
overflow  of  the  Auxiliary  Interpreter  output  data  buffer.  However,  the 
reply  data  does  not  appear  to  have  suffered  from  not  having  the  range 
cutoff  inserted. 

The  azimuth  offset  is  identical  to  the  offset  of  the  CD-Record 
data  in  Table  4-11. 

Specific  items  that  were  checked  were  report  data  (beacon, 
search)  presence  of  reply  data,  and  presence  of  run  length  reporting. 
Appropriate  column  appears  in  Table  4-14.  All  the  AI  Mode  2 tapes  had 
beacon  only  target  reports,  good  reply  data,  and  run  length  reporting 
Implemented. 
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TABLE  4-14 


Figure  6-2  Ring  Around  Example  on  Elwood  Mode  2 Tape  2 


Auxiliary  Interpreter  Mode  2 Tape  Data 

Tape  Name:  Aug.  25,  Tape  2 

Time  Frame:  12:42:00 

Record  Number:  410,  411 

Range  Ring  Interval:  2 nmi 

Beacon  Report  Color:  Green 

Beacon  Report  Symbol:  X or  Dot 

Search  Report  Color:  None 

Search  Report  Symbol:  None 

Beacon  Replies 
Mode  C Color;  Blue 
Mode  C Symbol:  Dot 
Mode  3/A  Color:  Red 
Mode  3/A  Symbol:  Dot 


Flagged  Codes 

Code  Symbol  Color 
2315  X Green 


(>-1 


Figure  6-3  Ring  Around  Example  on  Elwood  Mode  2 Tape  2 
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Auxiliary  Interpreter  Mode  2 Tape  Data 

Tape  Name:  Aug.  25,  Tape  2 

Time  Frame:  12:42:4.4 

Record  Number:  414,  415,  416 

Range  Ring  Interval:  2 nmi 

Beacon  Report  Color:  Green 

Beacon  Report  Symbol:  X or  Dot 

Search  Report  Color:  None 

Search  Report  Symbol:  None 

Beacon  Replies 

Mode  C Color:  Blue 

Mode  C Symbol:  Dot 

Mode  3 /A  Color:  Red 

Mode  3/A  Symbol:  Dot 


Flagged  Codes 

Code  Symbol  Color 

2315  X Green 


i 
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possible  discriminant,  which  will  reduce  the  number  of  false  targets,  is  to 
eliminate  reports  that  are  very  long  in  run  length  or  very  short  in  run 
length. 

Lead  edge  threshold  Tl  might  also  be  a possible  discriminant.  In- 
creasing the  leading  edge  threshold  might  be  effective  In  eliminating  the 
false  reports  with  short  run  lengths,  but  would  be  useless  against  the  false 
reports  having  very  long  run  lengths. 

Another  discriminant  considered  would  examine  the  ratio  of  mode  3/A  i 

hits  to  the  number  of  opportunities  for  a 3/A  hit  while  the  target  report  j 

was  in  process.  However,  visual  inspection  of  both  false  and  real  reports  - 

Indicates  that  this  ratio  is  very  close  to  one  for  nearly  all  reports,  true  J 

and  false.  ! 

Therefore,  a discriminant  using  run  length  appears  to  have  the  most 
promise  of  being  effective.  In  the  next  section,  data  is  statistically  assess- 
ed to  determine  the  effectiveness  of  run  length  discrimination. 

6.2  ANALYSIS  OF  RUN  LENGTH  CHARACTERISTICS 

6.2.1  Introduction 

This  section  documents  some  significant  results  and  conclusions  ob- 
tained during  investigation  to  determine  a discriminant  against  false  re- 
ports generated  from  ring  around.  Specifically,  an  analysis  of  real  and 
false  target  report  run  lengths  was  performed  to  determine  the  merit  of  a 
run  length  discrimination  scheme  for  reducing  the  number  of  false  reports. 

6.2.2  Analysis  Procedure 

Figure  6-4  Illustrates  the  data  reduction  procedure  used  for  this 
analysis.  The  data  used  was  collected  at  Elwood,  N.J.  on  August  25,  as 
described  in  section  4.1.  In  particular,  the  data  tapes  delineated  in  Table 
6-1  were  used: 

Table  6-1  Data  Tapes  Used  for  Test  Target  Run  Length 
Analysis 

1.  August  25  AI-Mode  2 Tape  1,  Part  A 

2.  August  25  AI-Mode  2 Tape  2,  Part  A 

3.  August  25  AI-Mode  2 Tape  3 

6. 2. 2.1  Extraction  of  Test  Target  Report  Data 

Using  the  Auxiliary  Interpreter  Mode  2 Tape  Reply  Display  system 
described  in  section  8.3  of  ref.  1,  all  test  target  report  data  occurring 
at  ranges  below  10  nml  was  extracted.  This  range  cutoff  was  used  because 
ring  around  did  not  occur  beyond  this  range  in  this  data  set. 
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The  following  procedure  was  used  to  extract  the  test  target  data 
using  this  display  system.  For  each  tape,  the  report  data  was  displayed  in 
PPI  format  on  the  Color  TV  console.  Beacon  data  was  displayed  in  green 
symbols.  An  X symbol  was  used  to  distinguish  the  test  target  reports  (re- 
cognizable because  of  the  unique  Mode  3/A  code  assigned,  2315)  from  all  other 
beacon  reports.  Fig.  6-5  is  an  example  of  the  display  for  tape  3.  Approxi- 
mately 10  scans  of  data  are  presented.  The  test  target  reports  on  successive 
scans  can  be  visually  observed  to  form  a track.  Reports  appearing  in  an  X 
symbol  that  are  visually  correlated  with  the  track  are  true  reports.  Reports 
that  appear  as  an  X symbol  which  do  not  correlate  visually  with  the  track 

are  false.  All  test  target  reports  in  Fig.  6-5  correlate  with  the  track  j 

and  are  real  reports.  Test  target  report  data  below  10  nml  was  hooked  and 

the  status,  true  or  false,  was  noted.  In  Fig.  6-5,  a true  test  target  re-  j 

port  is  being  hooked  by  the  red  box.  Table  6-2  type  of  data  was  printed 
for  this  report. 

Table  6-2.  Example  of  Hooked  Report  Data 

RUN  MODE  3A  MODE  C 

REC  MSG  AZIMUTH RANGE  LNG  VAL  CODE VAL  ALTITUDE 

227  7 229.219  7.500  44  1 2315  1 20,000 

The  record  number  (REC)  and  message  number  (MSG)  uniquely  identify 
the  data  on  the  tape  so  that  it  may  be  relocated  if  necessary.  Also  given 

are  the  range  (slant  range),  azimuth,  run  length  (in  ACP's,  see  section  A2 

in  Appendix  A)  Mode  3/A  code  and  Mode  C altitude.  A similar  message 
was  printed  for  each  report  that  was  hooked . 

Fig.  6-6  is  an  example  of  a test  target  track  and  test  target 
reports  that  do  not  correlate  with  the  track.  The  test  target  reports  (X 
symbols)  in  the  upper  right  corner  of  the  display  are  false  reports  generated 
from  antenna  sidelobe  and  backlobe  returns.  Using  the  display  system,  these 
false  reports  are  easily  identified  as  Figure  6-6  shows. 

In  some  cases,  two  reports  occurred  simultaneously  which  could  both 
be  correlated  with  the  track.  In  such  cases,  both  reports  could  be  called 
false,  both  real,  or  one  real  and  one  false.  In  the  cases  observed,  the 

run  lengths  for  such  reports  were  shorter  than  the  average  run  lengths  for 

real  reports.  Thus,  the  report  with  the  longer  run  length  was  designated 
the  real  report  and  the  other  false. 

6.2. 2. 2 Summary  of  Extracted  Target  Report  Data 


As  Fig.  6-4  shows,  the  extracted  test  target  report  data  was  sub- 
jected to  analysis.  Appropriate  plots  and  tabulations  were  made  and  appear 
in  the  next  section  on  results.  The  extracted  data  is  summarized  in  Table 
6-3. 
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Auxiliary  Interpreter  Mode  2 Tape  Data 


Tape  Name:  Aug,  25  Tape  3 

Time  Frame: 

11:33:43 

Record  Number: 

227 

Range  Ring  Interval: 

5 nml 

Beacon  Report 

Color; 

Green 

Beacon  Report 

Symbol: 

X or 

Search  Report 

Color: 

None 

Search  Report 

Symbol : 

None 

Flagged  Codes 

Code  Symbol 

Color 

2315  X 

Green 

Figure  6-5  Extractions  of  Test 
Target  Data 
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Tape  Name:  Any:.  Tape  ? 

Time  Frame:  *11:14:12 
Record  Number: 

Ranp.e  Rlnp  Interval:  2 nml 
Beacon  Report  Color:  Creen 
Beacon  Report  SNTnbol  : X or  Pot 
Search  Report  Color:  None 
Search  Report  SNuihol:  None 

FI aRged  Codes 

Green 


Figure  Fxample  of  Reports  that 

do  not  Correlate  Wlih  a 


Table  6-3.  Test  Target  Data  for  Run  Length  Analysis 


Table  6-3a 

Tane:  Aug.  25  AI-Mode  2 Tape  1,  Part  A 


Altitude 

(ft) 

Real  Reports 

False  Reports 

5000 

34 

0 

10000 

8 

0 

20000 

0 

0 

Table  6-3b 

Tape:  Aug.  25 

AI-Mode  2 Tape 

2,  Part  A 

Altitude 

Iftl 

Real  Reports 

False  Reports 

5000 

0 

0 

10000 

19 

7 

20000 

29 

48 

Table  6-3c 

Tape:  Aug.  25 

AI-Mode  2 Tape 

3 

Altitude 

Iftl 

Real  Reports 

False  Reports 

5000 

0 

0 

10000 

0 

0 

20000 

27 

44 

TOTAL 

Table  6-3d 

Altitude 

mi 

Real  Reports 

False  Reports 

5000 

34 

0 

10000 

27 

7 

20000 

56 

92 

The  tables  show  that  test  aircraft  was  observed  at  three  differ- 
ent altitudes:  5000  feet,  10000  feet  and  20000  feet. 

The  altitudes  were  determined  from  the  Mode  C altitude  provided 
by  the  aircraft  transponder  which  is  accurate  to  the  nearest  100  feet. 

The  actual  altitude  must  be  determined  by  correcting  the  Mode  C altitude 
for  the  barometric  pressure  present  at  the  time  the  aircraft  was  flying. 

The  test  aircraft  altitude  varied  slightly  In  some  cases  from  the  three 
nominal  altitudes.  However,  since  the  recorded  barometric  pressure  for  the 
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day  cannot  account  for  temperature  variations,  even  the  corrected  altitudes 
Include  errors.  Therefore,  the  altitudes  were  simply  rounded  to  the  nearest 
1000  feet. 


A listing  of  the  data  points  and  a sample  of  the  altitude  correc- 
tion appear  in  the  Appendix  C. 

6.2.3  Results 


6. 2. 3.1  Elevation  Angle  Dependence 

This  section  presents  results  that  indicate  an  elevation  angle 
above  which  ring  around  occurs  and  below  which  no  ring  around  occurs.  The 
basis  for  the  conclusion  is  illustrated  with  a Range  Altitude  plot  described 
below. 


6. 2. 3. 1.1  Range-Altitude  Plot 

From  Table  6-3d  it  is  observed  that  at  5000  feet,  out  of  34  reports 
observed,  all  were  true.  At  10000  feet,  7 false  reports  and  27  true  reports 
were  observed.  At  20000  feet,  92  false  reports  and  56  true  reports  were 
observed.  From  this  table  it  is  evident  that  altitude  plays  a role  in  deter- 
mining when  a target  will  produce  ring  around.  To  investigate  this  further, 
a Range-Altitude  plot  was  made  with  all  the  data  points  included  as  shown 
in  Figure  6-7. 

The  horizontal  axis  is  range  in  nautical  miles.  The  vertical  axis 
is  scaled  the  same  as  the  horizontal  axis,  but  altitude  is  indicated  in  feet, 
rather  than  nautical  miles.  Test  target  reports  were  observed  at  three 
altitudes,  5000  feet,  10000  feet  and  20000  feet,  indicated  on  the  vertical 
axis.  The  beacon  interrogator  is  at  the  intersection  of  the  axes. 

The  elevation  at  Elwood  is  near  sea  level  (15-25  feet)  and  the 
antenna  height  is  50-75  feet  above  the  ground.  Therefore,  the  antenna  ele- 
vation above  sea  level  is  less  than  100  feet.  The  aircraft  altitudes  are 
above  sea  level  and  contain  errors  which  may  be  on  the  order  of  100  ft.  a"- 
discussed  in  Section  6. 2. 2. 2 and  Appendix  C.  Furthermore,  100  ft.  difference 
will  not  show  up  in  range  altitude  plot;  therefore  the  elevation  of  the  in- 
terrogator is  neglected. 

Points  corresponding  to  real  reports  are  black,  and  points  correspond- 
ing false  reports  are  red.  The  vertical  spreading  of  the  points  was  done 
to  accommodate  the  number  of  points  observed  and  does  not  indicate  deviations 
from  the  three  altitudes  for  which  data  was  observed.  The  range  data  (ex- 
ample in  Table  6-2)  is  slant  range,  and  the  positions  of  the  data  points  In 
Figure  6-7  were  determined  as  the  intersections  of  the  corresponding  altitude 
and  slant  range  from  the  interrogator.  Slant  ranges  below  about  2.75  nauti- 
cal miles  are  not  processed  by  the  Common  Digitizer  and  reports  are  not  gen- 
erated below  this  range.  This  cutoff  range  is  shown  by  an  arc  representing 
the  locus  of  points  that  are  2.75  nautical  miles  from  the  Interrogator. 
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6. 2. 3. 1.2  Conclusions  from  the  Range-Altitude  Plot 

From  Figure  6-7  It  can  be  seen  that  all  the  false  reports  occur 
for  targets  above  28*  elevation  (measured  from  the  figure)  with  the  excep- 
tion of  one.  The  exception  was  generated  from  a range  split  which  is  not 
related  to  ring  around  type  false  reports  (see  section  8 of  Ref.  1).  Above 
60“ , no  reports  occur  because  the  antenna  mainbeam  and  sldelobes  are  too 
low  to  cause  interrogation. 

It  appears  that  ring  around,  rather  than  being  related  to  altitude, 
is  related  to  elevation  angle.  Sidelobe  suppression  is  failing  above  this 
elevation. 


In  the  past  it  has  been  observed  that  higher  altitude  targets  tend 
to  ring  around  more  frequently  than  lower  altitude  targets.  From  Figure  6-7, 
it  can  be  seen  that  ground  distance  traversed  while  in  the  28“  to  60“  eleva- 
tion angle  region  increases  as  altitude  increases,  so  that  higher  altitude 
targets  have  more  area  and  therefore  more  opportunity  to  ring  around  than 
the  lower  altitude  targets.  Of  course,  the  occurrence  of  ring  around  is  also 
related  to  range  - targets  beyond  about  15  nmi  slant  range  will  not  exper- 
ience ring  around  ragardless  of  elevation  angle,  so  that  at  extremely  high 
altitudes,  ring  around  will  not  occur. 

The  ideal  solution  for  ring  around  is  to  adjust  the  radiation  pattern 
of  the  omnidirectional  antenna  so  that  sidelobe  suppression  is  effective 
above  this  elevation  (28“).  This  may  not  be  easy  to  do  in  practice,  however, 
and  so  run  length  discrimination,  to  be  discussed  shortly,  may  be  a reasonable 
alternative. 

6. 2.3. 2 Run  Length  Characteristics 

In  this  section,  an  investigation  of  the  run  length  characteristics 
for  true  and  false  reports  to  determine  the  viability  of  using  run  length 
as  a false  target  discriminant  is  addressed.  Run  length  is  defined  in  section 
C.2  of  Appendix  C.  The  approach  for  this  analysis  was  to  examine  histograms 
of  run  length  for  real  and  false  reports  to  see  if  differences  between  the 
run  length  distributions  for  real  and  false  reports  could  be  utilized  to 
design  an  effective  false  target  discriminant. 

6. 2. 3. 2.1  Composite  Run  Length  Histograms 

Figure  6-8  is  a histogram  of  real  and  false  test  target  reports 
below  10  nmi  slant  range.  The  horizontal  axis  is  run  length  in  ACP's  (see 
section  C.2  in  Appendix  C)and  the  vertical  axis  is  number  of  reports.  Run 
length  in  the  original  data  and  la  reported  to  a least  significant  bit  of 
4 ACP's.  Consequently,  the  run  length  bins  are  4 ACP's  wide  (0-3,  4-7,  etc.). 

Obviously,  the  distributions  for  the  real  reports  differ  from  the 
false  reports.  The  real  reports  peak  at  44  with  values  ranging  from  20  to  100. 
False  reports  peak  at  20  with  values  ranging  from  12  to  252. 
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In  the  case  of  the  real  reports,  the  most  frequent  run  lengths, 

44,  is  near  the  calculated  average  49.7.  The  difference  Indicates  an  asymmetry 
In  the  distribution  in  that  the  higher  run  lengths  are  favored.  This  is  rea- 
sonable since  there  Is  a lower  limit  on  run  length  because  a finite  number  of 
replies  are  required  to  detect  a target  but  there  is  no  upper  limit.  For  false 
reports,  the  average  run  length  of  59.4  is  significantly  different  from  the 
most  frequent  value  of  20.  This,  of  course,  is  because  of  the  large  spread 
of  run  length  values  for  false  reports.  Comparison  of  the  computed  standard 
deviations  confirms  this.  Standard  deviation  of  the  run  length  for  the  real 
reports  was  14.8  while  the  standard  deviation  for  false  reports  was  almost 
4 times  larger  at  56.3. 

The  difference  in  the  distributions  will  allow  an  effective  dis- 
criminant to  be  implemented  because  the  real  report  run  lengths  are  more 
tightly  distributed  about  the  average  than  the  false  reports.  The  ideal 
discriminant  is  one  that  eliminates  all  the  false  reports  but  keens  all  the 
good  reports.  Since  the  histograms  for  the  true  and  false  reports  overlap, 
it  is  impossible  to  design  an  ideal  discriminant  based  on  run  length  data 
alone.  However,  a significant  percentage  of  the  false  reports  can  be  eliminated 
with  very  little  effect  on  the  real  reports  if  reports  with  very  long  and  very 
short  run  lengths  are  eliminated.  This  would  throw  out  the  false  reports 
with  long  and  short  run  lengths  while  passing  all  the  good  reports  because 
they  are  more  tightly  distributed.  Unfortunately,  some  of  the  false  reports 
are  also  passed  because  they  have  run  lengths  that  are  the  same  as  good  re- 
ports. Specific  examples  appear  in  the  next  section. 

6. 2.3. 2. 2 Example  of  Run  Length  Discrimination  Effectiveness 

In  this  section  specific  run  length  upper  and  lower  cutoff  values 
are  chosen  and  their  effect  on  real  and  false  target  report  eliminations  are 
evaluated . 


Plots  of  percent  of  reports  eliminated  versus  run  length  cutoffs 
for  lower  and  upper  cutoff  values  appear  in  Figures  6-9  and  6-10.  In  Figure 
6-9  the  horizontal  axis  is  the  lower  run  length  cutoff  value.  Target  reports 
with  run  lengths  less  than  or  equal  to  the  cutoff  value  are  eliminated.  The 
vertical  axis  gives  the  percentage  versus  the  cutoff  value.  In  Figure  6-10 
the  vertical  axis  is  identical,  but  the  horizontal  axis  represents  the  upper 
cutoff  value.  Target  reports  with  run  lengths  greater  than  or  equal  to  this 
value  are  eliminated.  The  data  for  false  reports  is  plotted  in  red  and  real 
reports  in  black.  With  the  aid  of  these  plots,  two  cases  are  considered. 

Case  1 is  tabulated  in  Table  6-4.  The  determination  of  the  entries  in  Table 
6-4  is  described. 
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FIGURE  6-8  RUN  LENGTH  HISTOGRAM 


RUN  LENGTH  ( ACP's  ) 


RUN  LENGTH  CUTOFF  (REPORTS  LESS  THAN  OR  EQUAL  TO  THIS  VALUE  ARE  ELIMINATED) 


FIGURE  6-10 

PERCENT  TARGET  REPORTS  ELIMINATED 
vs  UPPER  RUN  LENGTH  CUTOFF 


Aug  25  Elwood  Tapes 
Code  2315  below  10  nmi 


Data  Source 
Data  Points 


Number  of  Points 


True  False 


REAL 


REPORTS 


(REPORTS 


PERCENT 

OF 

REPORTS 

ELIMINATED 


RUN  LENGTH  CUTOFF  (REPORTS  GREATER  THAN  OR  EQUAL  TO  THIS  VALUE  ARE  ELIMINATED) 


Table  6-4  Case  1 - Effectiveness  of  Run  Length  Discrimination 


Implemented  at  Slant  Range  ^ 10  nmi 


Lower  Cutoff 
Upper  Cutoff 

16  ACP's 

104  ACP's 

Real 

Reports 

False  Reports 

Total  Present 

117 

99 

treent  eliminated 

0 

30 

Total  eliminated 

0 

30 

The  lower  cutoff  (16  ACP’s)  was  chosen  from  Fig.  6-9  to  be  the  max- 
imum value  which  would  not  eliminate  any  real  reports.  The  upper  cutoff 
(104  ACP's)  was  chosen  to  be  the  minimum  that  would  not  eliminate  any  real 
reports.  From  the  figures,  these  two  cutoffs  eliminate  12%  and  18%  respectively 
for  a total  of  30%.  The  total  number  of  real  reports  (117)  and  false  reports 
(99)  is  indicated  on  Fig.  6-8.  The  result  is  that  of  99  false  reports,  30 
are  eliminated,  while  all  117  real  reports  are  preserved. 

In  Case  2,  more  effective  cutoff  values  are  chosen.  The  result  is 
a discriminant  that  is  very  effective  against  false  target  reports.  However, 
this  is  at  the  expense  of  some  real  reports.  Thus,  one  must  weigh  the  advan- 
tages of  a reduction  in  false  reports  with  the  disadvantage  of  lost  real  re- 
ports. The  following  facts  are  important. 

First,  much  of  the  target  report  data  of  interest  to  an  air  traffic 
controller  is  tracked  data.  Trackers  mvist  necessarily  estimate  aircraft  heading 
and  speed  in  a statistical  way  based  on  previous  track  history.  If  a report 
should  fail  to  come  through  for  a single  scan,  the  effect  on  a tracker  is 
negligible  because  a predicted  aircraft  position  is  displayed.  The  good  reports 
that  are  eliminated  by  the  run  length  discriminant  will  be  such  Isolated 
cases  and  will  not  cause  a dropped  tr.ack. 

Furthermore,  it  should  be  noted  that  the  good  reports  that  are  eli- 
minated by  a run  length  discriminant  will  have  either  an  unusually  long  or 
an  unusually  short  run  length.  Because  of  this,  it  is  more  likely  that  they 
will  be  improperly  centroided  than  reports  of  normal  run  length.  Improperly 
centroided  reports  can  adversely  affect  tracker  performance. 

False  reports  have  the  potential  to  confuse  the  tracker  and  in  the 
case  of  ring  around  will  obscure  the  controller's  display  where  the  false  re- 
ports occur  because,  not  only  is  the  report  displayed  but  a data 
block  containing  alphamerics  for  each  report  is  displayed  as  well.  This  affects 
not  only  the  target  causing  the  ring  around  but  all  other  targets  which  are  in 
the  vicinity  of  ring  around.  Thus  the  compromise  to  be  considered  la  the  occa- 
sional loss  of  a good  report,  which  will  be  filled  in  by  the  tracker,  versus 
the  presence  of  a large  number  of  false  reports  that  can  potentially  affect 
the  display  of  good  reports  which  would  otherwise  be  displayed  unobscured. 

With  this  in  mind  consider  Case  2 in  Table  6-5. 
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Table  6-5  Case  2 - Effectiveness  of  Run  Length  Discrimination 

Implemented  at  Slant  Range  ^ 10  nml 

Lower  Cutoff  - 36  ACP's 
Upper  Cutoff  - 104  ACP's 


Real  Reports 

False  Reports 

Total  Present 

117 

99 

Percent  eliminated 

10 

71 

Total  eliminated 

12 

72 

In  Case  2,  the  upper  cutoff  remains  104  ACP's  but  the  lower  cutoff  is  in- 
creased to  36  ACP's.  Now,  out  of  the  99  false  reports,  72  are  eliminated  - 
a sizeable  improvement  and  a very  effective  discriminant.  However,  12  of  the 
117  real  reports  are  also  lost.  As  discussed  previously,  the  loss  of  these 
reports  is  not  necessarily  harmful.  However,  the  idea  of  eliminating  real 
reports  is  still  politically  dslturblng,  if  nothing  else.  The  number  of  real 
reports  that  are  lost  can  be  further  reduced  if  use  is  made  of  elevation 
angle  as  shown  in  the  next  section. 

6. 2. 3. 2. 3 Use  of  Elevation  Angle  Dependence 

In  section  6. 2. 3.1  the  dependence  of  ring  around  on  elevation  is 
shown.  Specifically,  all  ring  around  in  the  observed  data  occurs  above  28® 
elevation.  Thus,  a ring  around  discriminant  need  only  be  Implemented  for 
targets  known  to  be  above  this  elevation  angle.  This  will  be  just  as  effec- 
tive against  ring  around  false  reports  as  a discriminant  that  does  not  use 
elevation  angle,  but  it  will  reduce  the  number  of  real  reports  that  are  also 
subjected  to  the  same  discrimination  criteria  and  cause  a subsequent  reduc- 
tion in  the  number  of  real  reports  alimlnated.  In  order  to  assess  this  quan- 
titatively, a histogram  of  run  length  for  real  and  false  reports  above  28® 
elevation  only  was  made.  This  is  shown  in  Fig.  6-11.  The  number  of  real  and 
false  reports  are  indicated  on  the  plot.  This  data  is  a subset  of  the  data 
presented  in  the  composite  run  length  histogram  of  Fig.  6-8.  In  Figure  6-8 
the  total  real  reports  were  117.  This  Is  dramatically  reduced  to  29  when 
the  data  is  restricted  to  above  28®  elevation.  On  the  other  hand,  of  the 
99  false  reports  of  Fig.  6-8,  98  are  above  28®  elevation.  The  remaining  false 
report  was  generated  by  a range  split,  not  ring  around  (see  section  6. 2. 3. 1.2). 
The  significance  of  this  is  that  while  all  the  ring  around  generated  false 
reports  are  still  subjected  to  the  discriminant,  the  number  of  real  reports 
that  are  subject  to  the  discriminant  is  substantially  reduced,  thereby 
reducing  the  opportunities  to  eliminate  real  reports.  In  the  next  section, 
an  example  is  presented  that  shows  how  the  number  of  real  reports  lost  is 
reduced  while  the  number  of  false  reports  eliminated  is  almost  the  same. 

6. 2.3. 2.4  Example  of  Use  of  Elevation  Angle  Data 

Figures  6-12  and  6-13  are  plots  of  percent  reports  eliminated  versus 
lower  and  upper  run  length  cutoff  values.  These  are  identical  to  plots 
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FIGURE  6-11 


RUN  LENGTH  (ACP't) 


FIGURE  6-12 

PERCENT  TARGET  REPORTS  ELIMINATED 
vs  LOWER  RUN  LENGTH  CUTOFF 


Data  Source:  Aug  25  Elwood  Tapes 

Data  Points:  Code  2315  Reports  above  28 
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of  Figures  6-9  and  6-10  describes  In  section  6, 2. 3. 2. 2,  except  now  only  re- 
ports above  28*  elevation  are  Included.  These  plots  were  used  to  evaluate 
Case  3 shown  in  Table  6-6. 

Table  6-6  Case  3 - Effectiveness  of  Run  Length  Discrimination 

Implemented  above  28“  Elevation  Angle 


Lower  Cutoff 

36 

Upper  Cutoff 

104 

Real  Reports 

False  Reports 

Total  Present 

29 

98 

Percent  eliminated 

10 

71 

Total  eliminated 

3 

70 

The  run  length  cutoff  values  are  the  same  as  in  Case  2,  but  now 
the  discriminant  is  Implemented  only  above  28“  elevation  angle.  In  Case  2, 

10%  of  117  real  reports,  or  12  total  real  reports  were  eliminated.  In  Case  3, 
10%  of  real  reports  are  still  eliminated,  but  because  of  the  elevation  aigle 
restructlon,  only  29  real  reports  are  present,  thus  only  3 real  reports  are 
eliminated.  The  bottom  line  is  that  only  3 Instead  of  12  real  reports  are 
eliminated.  On  the  other  hand,  in  Case  2,  72  false  reports  are  eliminated  and 
in  Case  3,  71  false  reports  are  eliminated.  Thus,  a significant  reduction  in 
the  number  of  real  reports  eliminated  has  been  achieved  while  the  effective- 
ness against  false  reports  remains  almost  unchanged. 

6.2.4  Additional  Results  From  Elwood  Targets  of  Opportunity 

In  this  section,  an  analysis  of  targets  of  onportunity  in  the  Elwood 
data,  other  than  the  test  target,  is  presented.  This  was  done  to  insure  that 
the  observations  of  section  6.2.3  are  not  unique  to  the  test  target,  but  rather 
apply  to  any  beacon  targets  detected  by  the  Elwood  sensor. 

6. 2.4.1  Procedure  for  Extracting  Data  for  Targets  of  Opportunity 

The  three  CD-Record  tapes  from  the  Elwood  data  collection  listed 
in  Table  6-3  were  analyzed  for  target  report  ambiguities  using  the  TRAAP 
program  with  the  detection  criteria  given  below  in  Table  6-7. 

Table  6-7 

Ambiguity  Detection  Criteria 

A.  Range  Separation  (AR) ; 0 nmi  AR  <.  0.250  nml 

R.  Azimuth  Separation  (AO);  3 ^ AO  ^ 180“ 

C.  Duplicate,  discrete  beacon  code  required 

A list  of  the  target  reports  associated  with  each  ambiguity  detected  was  out- 
putted by  the  computer.  A typical  segment  of  this  listing  appears  in  Table  6-8. 
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Table  6-8 

Typical  Listing  of  Ambiguities 
(Aug  25,  CD-Record,  Tape  2,  A) 


TIME 

RANGE 

(NMI) 

AZIMUTH 

(DEG) 

ALTITUDE 

(FT) 

CODE 

3A 

12:58:34.8 

6.125 

113.027 

28200 

7067 

12:58:35.1 

6.125 

123.398 

28200 

7067 

12:58:35.1 

6.125 

129.023 

28200 

7067 

12:58:38.8 

5.8/5 

267.100 

28300 

7067 

12:58:43.1 

5.750 

67.588 

28400 

7067 

12:58:43.5 

5.750 

82.002 

28400 

7067 

12:58:44.0 

5.750 

97.207 

28400 

7067 

12:58:44.5 

5.750 

114.434 

28400 

7067 

12:58:44.6 

5.750 

124.980 

0 

7067 

12:58:57.0 

5.500 

227.813 

28600 

7067 

12:59:0.6 

5.500 

3.428 

28600 

7067 

• 

12:59:5.5 

5.625 

184.395 

-1000 

7067 

Code  7067 

12:59:6.0 

5.625 

203.906 

28700 

7067 

Ring  Around 

12:59:10.7 

5.750 

23.555 

28700 

7067 

12:59:11.3 

5.750 

37.090 

28700 

7067 

12:59:14.4 

5.875 

182.637 

0 

7067 

12:59:19.2 

6.125 

341.104 

28800 

7067 

12:59:19.6 

6.125 

353.936 

28800 

7067 

12:59:19.7 

6.125 

359.648 

28800 

7067 

12:59:20.4 

6.125 

25.488 

28800 

7067 

12:59:20.5 

6.125 

29.355 

28800 

7067 

12:59:20.9 

6.125 

38.408 

28800 

7067 

12:59:21.4 

6.250 

63.018 

300 

7067 

13:00:25.7 

7.625 

311.309 

10800 

4306 

Code  4306 

13:00:26.2 

7.625 

331.348 

10800 

4306 

13:02:28.0 

5.250 

224.385 

200UC 

2315 

13:02:29.8 

5.125 

287.842 

20000 

2315 

13:02:33.5 

4.750 

69.697 

20000 

2315 

13:02:37.5 

4.500 

215.947 

20000 

2315 

Code  2315 

13:02:37.7 

4.500 

227.285 

20000 

2315 

Ring  Around 

13:02:38.5 

4.375 

251.719 

20000 

2315 

13:02:38.7 

4.375 

263.496 

20000 

2315 

13:02:38.9 

4.375 

271.670 

20000 

2315 

13:02:39.2 

4.375 

284.326 

21500 

2315 
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The  listings  were  Inspected  to  determine  the  beacon  codes  of  those  targets 
experiencing  ring  around.  For  example,  in  Table  6-8,  it  can  be  observed  that 
codes  7067,  and  the  test  target  (code  2315)  are  experiencing  ring  around.  On 
the  other  hand,  although  code  4036  was  associated  with  a sldelobe  type  split 
because  of  the  range  and  azimuth  separation  of  the  two  reports,  it  was  not 
Involved  in  ring  around. 

On  the  basis  of  the  inspection  performed,  targets  Involved  in  ring 
around  were  selected  for  analysis.  After  the  targets  were  selected,  and  the 
beacon  codes  noted,  data  was  extracted  from  the  associated  beacon  reply  tapes 
for  the  targets  using  the  procedure  given  in  section  6. 2. 2.1. 

6. 2.4. 2 Summary  of  Targets  of  Opportunity 

Using  the  above  procedure  data  was  extracted  for  the  codes  listed 
in  Table  6-9. 


Table  6-9 

Selected  Targets  of  Opportunity 


Tape 


Beacon  Code 


Aug  25  AI-Mode  2 Tape  2,  A 7067 
Aug  25  AI-Mode  2 Tape  3 1673 
Aug  25  AI-Mode  2 Tape  3 1711 


The  data  is  listed  in  detail  in  Appendix  C. 


6. 2.4.3  Confirmation  of  Elevation  Angle  Dependence 

The  minimum  elevation  angle  at  which  ring  around  first  occurred  for 
each  target  listed  in  Table  6-9  is  given  in  Table  6-10. 


Table  6-10 

Minimum  Elevation  Angle  for  Ring  Around 


Code 

Minimum  Angle 

7067 

33* 

1673 

32* 

1711 

34* 

Data  points  below  these  elevation  angles  were  examined,  but  no  false 
reports  were  found.  Therefore,  these  results  are  consistent  with  the  test 
target  results  because  no  ring  around  occurred  below  the  28*  elevation  angle. 
In  the  next  section,  the  number  of  real  and  false  reports  above  28*  is  tabu- 
lated and  run  length  characteristics  for  these  reports  are  discussed. 


6-25 


6. 2.4.4  Run  Len>;th  Characteristics  (Targets  of  Opportunity) 

Figure  6-14  is  a histogram  of  run  lengths  for  true  and  false 
reports  above  28®  for  the  targets  listed  in  Table  6-9.  Comparing  this  with 
the  appropriate  histogram  data  for  the  test  target,  Figure  6-11,  It  can  be 
seen  that  the  distributions  are  quite  similar.  In  both  figures,  the  most  fre- 
quently observed  run  length  for  false  reports  was  20  ACP's.  The  most  frequent 
run  length  for  the  test  target  real  report  was  76  ACP's.  For  the  targets  of 
opportunity,  maximum  run  length  for  real  reports  occur  at  52,  56,  72  and  76 
ACP's.  Visually  It  can  be  seen  that  the  distributions  for  real  report  run 
lengths  are  similar.  The  difference  is  easily  within  normal  variations  from 
sample  to  sample,  particularly  when  it  is  noted  that  only  88  points  were  used 
In  Figure  6-14,  while  127  points  were  used  In  Figure  6-11. 

It  is  concluded  that  the  run  length  characteristics  for  these  re- 
ports are  consistent  with  those  obtained  for  the  test  target  above  28®,  and 
hence,  based  on  Elwood  data,  a run  length  discriminant  will  be  universally 
applicable  to  all  target  reports  above  28®  at  Elwood.  In  the  next  section  a 
particular  case  is  examined. 

6. 2. 4. 5 Example  of  Run  Length  Discriminants  Dslng  Targets  of  Opportunltv 

Using  the  data  presented  In  Figure  6-14  for  targets  of  opportunltv, 
the  number  of  target  reports  eliminated  for  specific  run  length  cutoff  values 
was  determined.  The  results  are  listed  in  Table  6-11. 

Table  6-11 

Run  Length  Discrimination  above  28® 


for  Targets  of 

Opportunity 

Lower  Cutoff 

16 

Upper  Cutoff 

104 

Real  Reports 

False  Report 

Total  Present 

28 

60 

Per c ent  e 1 Im 1 na t ed 

21 

55 

Number  eliminated 

6 

11 

Here  over  half  tlie  false  reports  are  eliminated  (11  out  of  hOl 
and  only  6 real  reports  out  of  28.  This  example  confirms  that  rvin  length 
d iscr Imlnat ion  cun  be  effective  In  reilucing  the  number  of  false  reports 
generated  us  a result  of  ring  around.  The  difference  between  these  results, 
and  similar  results  obtalnetl  In  Table  h-6  for  the  test  target  onlv,  is 
attributed  to  the  samnle  sizes  used  In  the  analyses. 

6.2.5  Results  of  a Simulation  of  Run  Length  Discrimination 

The  run  length  discrimination  scheme  dlscussetl  In  sections  h. 2. 1.2.4 
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6-14  Run  Length  Histogram 


LENGTH 


and  6. 2. 5. A was  Implemented  In  the  CD  simulator  with  one  modification.  Since 
targets  below  12000  feet  are  not  required  to  respond  to  Mode  C interrogations, 
altitude  data  is  not  always  available  and  hence  elevation  angle  cannot  be 
determined.  However,  a target  above  28*  elevation  angle  that  is  at  or  below 
12000  feet  above  ground  level  must  be  at  a slant  range  less  than  A nml. 

In  the  simulated  version,  the  run  length  discriminant  is  applied 
to  targets  ^bove  28*  only  if  altitude  is  available.  When  altitude  is  not 
available,  run  length  discrimination  is  applied  to  reports  at  slant  ranges 
less  than  A nml. 

Figure  6-15  and  6-16  are  overlapping  displays  of  report  data  with 
and  without  the  discriminant  Implemented.  In  figure  6-15,  the  test  target  is 
displayed  as  an  X.  In  figure  6-16,  a target  of  opportunity  examined  in  sec- 
tion 6. 2. A with  code  1673  is  displayed  as  an  X.  In  each  case,  the  data  without 
the  discriminant  is  displayed  in  red,  and  with  the  discriminant  in  green. 
Therefore,  the  targets  identified  as  false  by  the  discriminant  appear  in  red, 
and  all  other  appear  as  yellow  because  of  the  overlapping  of  red  and  green. 

The  results  Illustrate  that  the  false  reports  are  reduced  but  not 
eliminated.  Tighter  run  length  cutoff  values  would  further  reduce  the  false 
reports,  but  at  the  expense  of  good  reports.  One  solution  to  this  would  be 
to  use  the  discriminant  on  site  to  Identify  potentially  false  reports  by 
setting  a one  bit  flag  In  the  report  messages,  but  then  pass  all  the  report 
data  to  the  control  center.  After  processing  in  the  ARTCC,  false  reports 
could  be  eliminated.  This  accomplishes  three  things: 

1)  Processing  in  the  ARTCC  Is  kept  minimum,  since  the  discriminant 
Is  implemented  on  site. 

2)  False  reports  associated  with  targets  that  the  controller  is 
concerned  with,  and  hence  tracking,  are  reduced. 

3)  P.llmlnatlon  of  good  reports  that  are  being  tracked  Is  avoided. 
6.2.6  Additional  Results  from  Angel  Peak  Data 

The  data  collecteil  at  Angel  Peak  was  Investigated  for  evidence  of 
possible  site  dependency  of  run  length  or  elevation  angle  data.  The  Angel 
Peak  site  is  situated  on  a mountain  peak  In  the  midst  of  rugge<t  terrain  and 
has  an  elevation  of  8860  feel,  while  the  Klwotxl  site  Is  situated  In  a very 
flat  region.  Thus  a difference  would  he  expectetl  in  the  resultant  antenna 
pattern  Just  due  to  the  surrounding  terrain.  Furthermore,  the  electrical 
tilts  of  the  antenna  patterns  are  probably  adjusted  differently  at  each  site 
(though  this  was  not  confirmed)  because  the  Angel  Peak  sensor  Is  required 
to  see  aircraft  at  negative  elevation  angles  (l.e.  below  8860  feet)  while  the 
Elwood  sensor  Is  not.  Thus,  one  might  expect  to  find  ring  around  or  sidelobe 
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Auxiliary  Interpreter  Tape  Data 


Tape  Name:  Aug  25-CT>S-AI-Mode  2 Tape  3 
w/o  discriminant  * 


Time  Frame:  11:31:A8  - 11:44:00 


Record  No:  0-1208 


Range  Ring  Interval  (nml):  5 


Beacon  Color:  Red 


Auxiliary  Interpreter  Tape  Data 


Aug  25-CDS-AI-Mode  2 Tape  3 
with  discriminant  * 


Tape  Name 


Time  Frame;  11:31:48  - 11:44:00 


Record  No:  0-1208 


Range  Ring  Interval  (nmi) : 5 


Beacon  Color:  Green 


Beacon  Symbol:  X or  Dot 


Flagged  Codes 


Code  Symbol  Color 
231!)  X Red  or  Green 


Simulation  of  Run 
Length  Discrimination 


Run  Length  Discrimination 

Relect  Reports  with  Run  Length  RL  such  that  RL06  ACP's  or  RLM04  ACP's 
If  one  of  the  following  two  conditions  Is  also  satisfied: 


CONDITION  Report  Mode  C 


Elevation 


Present 


problems  at  a lower  physical  elevation  angle  at  Angel  Peak  than  at  Elwood. 

For  these  reasons.  It  was  considered  worthwhile  to  Investigate  the  Angel 
Peak  Data. 

6. 2. 6.1  Extraction  of  Angel  Peak  Data 

Since  run  length  reporting  was  not  enabled  during  recording  of 
t.te  Mode  2 tapes  from  Angel  Peak  video  (see  table  4-8),  the  CD  simulator 
(no  discriminant)  was  utilized  to  process  the  reply  data  and  generate  new 
report  messages  with  run  length  Information.  The  tape  selected  for  this 
analysis  was  CDS-QAS  #4  D which  was  made  by  playing  QAS  #4  D (see  table  4-8) 
through  the  simulator.  Next,  report  data  for  all  targets  within  about  35 
nautical  miles  of  the  sensor  was  extracted  over  an  Interval  of  approximately 
12  scans  and  a listing  made.  An  example  of  the  type  of  data  extracted  appears 
In  table  6-2.  This  listing  was  Inspected  for  evidence  of  site  dependency 
via  comparison  of  observed  characteristics  with  Elwood  results. 

6. 2. 6. 2 Discussion  of  Site  Dependency 

The  data  was  easily  divided  Into  two  groups.  All  the  target  reports 
with  exception  of  one  had  elevation  angles  with  respect  to  the  Interrogator 
ranging  from  -2.54*  to  3.79*.  One  target,  code  3236,  had  angles  ranging  from 
12*  to  19*.  The  run  lengths  for  the  low  elevation  angle  reports  were  consis- 
tent with  previous  data  presented  for  good  reports.  However,  the  run  lengths 
for  code  3236  were,  with  few  exceptions,  consistently  longer.  Table  6-12  Is 
a summary  of  average  data. 


Table  6-12  Summary  of  Angel  Peak  Run  Length  Characteristics 


Targets 

Elevation 

Anele 

Number  of  Points 

Average 

Run  Length 

Standard 

Deviation 

|code  3236 

-12*  to  19* 

12 

79 

1 

18 

[Targets  of  Oppor-j 
'turnlty  Excluding  1 
|Code  3236  | 

' 1 

-2.49  to  4* 

1 

t 

i 13, 

42 

■ ; 

12  1 

1 

NOTES:  Tape:  CDS-QAS  M D made  by  playing  QAS  #4  D through  the  CD  Simulator. 
Reocrd  No:  323  to  469 

Points:  All  Reports  at  Ranges  less  than  35  nmi. 


As  the  table  shows,  the  average  run  length  for  targets  at  low  elevation  angles 
was  42  which  Is  consistent  with  Elwood  data.  However,  the  average  run  length 
for  the  target  at  the  high  elevation  angle  was  79.  This  observation,  that 
the  higher  elevation  angle  target  has  a longer  average  run  length,  Is  consis- 
tent with  the  Elwood  results.  This  may  be  seen  by  looking  at  the  Elwood  run 
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length  histogram  data  of  figures  6-8  and  6-11.  In  figure  6-8  all  the  test 
target  data  at  Elvrood  below  10  nautical  miles  Is  Included  regardless  of  ele- 
vation angle.  The  run  length  histogram  for  good  reports  only  peaks  at  44 
ACP's.  In  figure  6-11  reports  above  28“  elevation  angle  only  are  Included. 

In  this  histogram,  run  length  for  good  reports  peaks  at  76  ACP's,  a shift 
toward  higher  run  length  values.  The  Angel  Peak  data  Is  consistent  In  as  much 
as  longer  run  lengths  occur  mostly  at  the  high  elevation  angle.  The  target 
at  the  high  elevation  angle  was  also  the  only  one  that  experienced  ring  around, 
though  the  characteristics  of  the  ring  around  were  difference.  In  the  Elwood 
data,  most  of  the  ring  around  observed  Involved  false  reports  displaced  up 
to  almost  180“  from  the  true  report.  In  the  Angel  Peak  data,  the  target, 
code  3236,  was  observed  to  frequently  produce  sldelobe  splits  In  which  three 
or  more  false  reports  were  produced  with  azimuthal  separations  less  than  90“ 
from  the  true  reports.  Only  when  the  target  was  at  almost  45“  elevation  were 
false  reports  observed  to  be  separated  from  the  true  report  bv  azimuths  approach- 
ing 180“. 


6. 2.6.3  Conclusions  from  Comparison  of  Angel  Peak  Data  with  Elwood  Data 

This  section  supports  the  contention  that  the  occurrence  of  false 
reports  generated  due  to  sldelobe  returns  Is  elevation  angle  dependent  and 
that  these  false  reports  occur  more  frequently  at  higher  elevation  angles. 

From  the  Elwood  data,  a specific  elevation  angle,  28“,  is  shown  to  be  a cutoff 
below  which  ring  around  does  not  occur.  Evidence  In  this  section  Indicates 
that  the  nature  of  this  elevation  angle  Is  site  dependent. 
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APPENDIX  A 


Appendix  A (section  4) 

Conversion  of  Adaptor  Codes 

This  documents  the  method  of  converting  the  adaptor 
codes  on  CD-Record  tapes  from  EBCDIC  format  to  octal  for  use  in 
the  Target  Report  Ambiguity  Analysis  Program  (TRAAP) . 

The  adaptor  codes  on  CD-Record  tapes  are  used  to  identify  report 
data  from  different  sites.  Typically,  the  data  from  a single  site 
may  have  one  or  two  or  three  codes.  As  an  example,  Elwood  has  codes 
72,  73  and  74.  These  numbers  are  represented  on  CD-Reccrd  tapes  in 
EBCDIC  format.  Table  A-1  lists  the  binary  equivalent  for  EBCDIC 
characters.  The  task  at  hand  is  to  convert  the  adaptor  code  numbers 
72,  73  and  74  to  octal  numbers  for  use  in  the  TRAAP. 

The  code  72  consists  of  two  characters,  7 and  2.  The  binary 
equivalent  for  2 is  taken  from  Table  1: 

IIIIOOIO2 


Next  the  binary  equivalent  for  7 is  obtained: 


IIIIOIII2 


The  two  binary  representations  are  written 
divided  into  groups  of  three  bits  from  the 
number . 


EBCDIC  7 


11 1^01  m 


Nr 

EBCDIC  2 


IMldOKM 


173  762g 


together  as  illustrated 
right  and  written  as  an 


below , 
octal 


In  this  case  the  result  is 


Similarly 


^^EBCDIC 

^^EBCDIC 

74 

EBCDIC 


173762g 
173763g  and 
173764g. 
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TABLE  A-1 


CHARACTER  TO  BINARY  EQUIVALENT  EBCDIC 


Character 

Binary  Code 

Character 

Code 

0 

11110000 

T 

11100011 

1 

11110001 

D 

11100100 

2 

11110010 

V 

11100101 

3 

11110011 

w 

11100110 

4 

11110100 

X 

11100111 

5 

11110101 

Y 

11101000 

6 

11110110 

Z 

11101001 

7 

11110111 

A 

11000001 

B 

11000010 

C 

11000011 

D 

11000100 

E 

11000101 

F 

11000110 

G 

11000111 

H 

11001000 

I 

11001001 

J 

11010001 

K 

11010010 

L 

11010011 

M 

11010100 

N 

11010101 

0 

11010110 

P 

11010111 

Q 

11011000 

R 

11011001 

S 

11100010 
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APPENDIX  B 


by  - 

L.  A.  Blddlson 

Operation  and  Data  Base  Formats  of  the  Common 
Digitizer  Simulator 


1.0  Introduction 


This  memorandum  describes  the  functions  of  the  Common  Digitizer 
Simulator  Program  and  its  operating  instructions.  This  includes  the 
correct  32-bit  word  formats  for  the  data  recorded  by  the  Auxiliary 
Interpreter  onto  9-track  magnetic  tape.  Also  described  is  the  30-bit 
format  used  in  repacking  the  data  onto  7-track  mag  tapes  for  the  NELIAC 
computer. 

2.0  Functional  Description 

This  section  describes  the  simulation  of  the  CD  processing  of 
beacon  replies  to  produce  target  reports.  Part  1 describes  the  input 
processing  of  the  beacon  reply  data  recorded  on  7-track  Auxiliary  Interpreter 
Mode  2 tapes.  Part  2 discusses  the  CD  Simulator  internal  processing  to 
produce  target  report  data,  and  Part  3 describes  the  output  processing  of 
data  onto  another  7-track  mag  tape,  in  the  same  format  as  that  of  the  input 
tape. 


2.1  Input  Processing 

There  are  two  types  of  records  on  the  Mode  2 input  tapes : beacon 
reply  records  and  target  report  records,  which  occur  in  consecutive  pairs. 

Each  record  contains  one  type  of  data  and  is  of  fixed  length.  The  CD  Simulator 
will  process  only  the  reply  records  from  the  input  tape  (ignoring  the  original 
target  report  records) . It  will  build  its  own  reports  from  the  data  extracted 
from  the  original  replies.  Input  parameters  (input  tape  unit,  output  tape 
unit,  target  leading  edge  threshold,  target  trailing  edge  threshold,  validation 
threshold,  range  offset  and  azimuth  correction  factor)  are  entered  via  a 
punched  input  card  immediately  after  the  program  begins  execution.  See 
Figure  1 for  the  input  card  format.  The  parameters  that  are  involved  in 
the  implementation  of  a discriminant  (to  eliminate  false  target  reports 
generated  from  ring  around)  are  to  be  input  from  the  computer  console  (see 
Operating  Instructions).  If  the  discriminant  is  not  desired,  that  information 
is  also  conveyed  via  the  console.  This  must  be  done  prior  to  the  execution 
of  the  CDS  program  using  console  "inspect  and  change". 

The  first  two  words  in  each  magnetic  tape  record  are  used  as  a 
record  header.  The  first  word  designates  the  recording  mode  (which  will 
always  be  Mode  2)  and  the  type  of  data  in  the  record  (in  this  case,  beacon 
reply  or  target  report) . The  second  word  contains  the  time  when  the  last 
Azimuth  Reference  Pulse  occurred. 
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Two  types  of  messages  comprise  the  beacon  replies:  one-word 
initial  sweep  messages  and  two-word  beacon  reply  cells.  (See  Annex  A, 
page  B-12) . Following  each  initial  sweep  are  all  the  reply  messages 
received  during  that  sweep  (see  Figure  2) . The  sweep  message  contains 
the  Initial  sweep  azimuth  (in  azimuth  change  pulses)  and  the  type  of 
interrogation  (in  this  case,  either  Mode  3/A  or  Mode  C) . On  Mode  2 
tapes  there  is  no  correlation  between  scans  and  records.  Several  scans 
of  information  could  be  contained  in  one  record  or  one  scan  could  span 
several  records. 

Since  the  format  of  the  output  data  must  be  the  same  as  that 
of  the  input  data,  the  input  reply  record  is  immediately  dumped  onto 
the  output  tape.  This  is  done  after  reading  in  each  reply  record  and 
prior  to  the  repacking  of  its  data.  Unpacking  is  necessary  because  of 
the  rather  unusual  format  of  the  input  data.  The  Auxiliary  Interpreter  is 
interfaced  to  a 9-track  magnetic  tape  drive  that  writes  records  consisting 
of  32-bit  words.  The  NELIAC  computer  uses  30-bit  words  and  is  interfaced 
to  7-track  tape  units.  Therefore,  the  32-bit  words  were  split  into  bytes 
and  stored  into  30-bit  words  in  the  format  shown  in  Annex  A (pp.B-14  and 
B-15) . This  data  will  be  repacked  by  the  simulator  into  the  30-bit  reply 
format  shown  in  Annex  A (page  B-19) . 

The  first  word  of  the  header  will  be  stored  in  MT  INPUT (0).  The 
32-bit  time  word  will  now  be  found  in  REPLY  HEADER  TIME(O)  and  REPLY  HEADER 
TIME  (1)  (see  Annex  A,  page  B-18) . The  remainder  of  the  reply  data  is  stored 
from  MT  INPUT  (REPLY  START  1)  through  MT  INPUT  (END  BEACON  BUFFER) . While 
initial  sweep  messages  consist  of  only  one  word  in  the  32-bit  format,  in 
the  MT  INPUT  buffer  they  will  consist  of  two  30-bit  words,  with  the  second 
word  containing  all  zeroes.  The  initial  sweep  message  is  unique  in  that 
bit  14  of  the  first  cell  word  and  the  entire  second  cell  word  contain  zero. 

All  other  2-word  cells  are  considered  to  be  reply  messages.  The  last  message 
in  MT  INPUT  will  occupy  the  last  two  words  (i.e.,  they  won't  be  split  up  at 
the  end  of  a record).  The  Master  Flowchart  is  in  Figure  4. 

2.2  Program  Internal  Processing 

The  processing  of  replies  is  done  by  associating  the  replies  with 
range  cells.  The  maximum  range  is  256  nmi,  and  this  area  is  divided  into 
1024  range  bands,  each  1/4  nmi  in  width.  An  11-bit  sliding  window  is 
associated  with  each  range  cell.  It  initially  contains  all  zeroes.  For 
each  sweep  for  which  Mode  3/A  was  interrogated,  all  1024  sliding  windows 
are  shifted  left  one  bit  position.  If  a Mode  3/A  reply  was  received  for  a 
particular  range  cell  in  that  sweep,  bit  0 of  its  associated  sliding  window 
will  be  set.  If  no  hit  fell  into  that  range  band,  bit  0 will  not  be  set. 

If  the  range  falls  on  a cell  boundary,  it  shall  be  considered  to  be  in  the 
upper  range  cell.  In  all  cases,  the  "reply  corrected  range"  is  used;  that  is, 
the  range  received  from  the  reply  message  plus  the  "range  offset"  obtained 
from  the  punched  input  card.  Every  time  the  windows  are  processed,  the 
number  of  hits  in  each  (i.e.,  the  number  of  bits  set  in  0 through  11)  will  be 
compared  to  three  thresholds.  If  the  number  of  hits  is  greater  than  or  equal 
to  T.  (Target  Leading  Edge  Threshold)  or  T^  (Begin  Validate  Threshold)  that 
particular  target  report  is  said  to  be  "in  process".  If  the  number  of 
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hits  reaches  validation  for  Mode  3/A  and  Mode  C codes  begins  on  the 
next  sweep.  Once  validation  begins,  the  code  data  from  the  next  ungarbled 
reply  is  examined.  If  validation  of  that  mode  is  not  complete  for  a particular 
range  band,  the  new  code  is  compared  with  that  saved  from  the  previous  sweep 
associated  with  that  mode.  If  they  agree,  the  validation  of  that  code 
(3/A  or  C)  is  complete  for  that  range  cell.  If  the  information  does  not 
agree,  the  new  code  replaces  the  one  currently  stored  for  that  mode.  If 
validation  does  not  begin,  the  stored  code  data  is  zero.  And,  if  it  is 
completed  for  a particular  mode,  the  respective  validation  bit  is  set. 

When  the  number  of  hits  in  the  sliding  window  reaches  T^,  the  target 
has  reached  its  lead  edge  and  the  corresponding  sweep  azlmcth  is  saved  in  a 
word  associated  with  that  range  cell.  If  the  number  of  hits  in  a sliding 
window  drops  to  (Target  Trailing  Edge  Threshold),  the  target  report  is 
complete  (providing  Tj^  was  previously  reached  for  this  range  band  report). 

If  T^  was  never  reached,  yet  T^  was,  the  report  is  discarded. 

Once  the  report  is  complete,  its  center  azimuth  and  run  length  are 
calculated.  These  are  saved  along  with  the  validation  and"ldent"  bits, 
the  range.  Mode  3/A  code,  and  Mode  C altitude.  These  parameters  are  all 
recorded  at  the  completion  of  the  reply  record  processing. 

2.3  Output  Processing 

When  the  Inputted  reply  record  has  been  processed,  the  target  report 
data  must  be  repacked  and  dumped  onto  the  output  mag  tape  in  the  same  format 
as  the  Mode  2 tapes.  The  completed  reports  will  be  written  in  the  chronological 
order  of  their  completion.  The  reports  still  in  process  will  be  left  alone, 
but  the  completed  reports  will  be  purged.  The  first  message  in  the  record  is 
the  two-word  header  message  to  indicate  data  type  (target  report)  and  recording 
Mode  2.  The  30-bit  report  words  must  be  converted  into  the  32-bit  format 
shown  in  Annex  A (page  B-13  and  packed  in  the  form  shown  on  pages  B-lb  and  B-17. 
Each  completed  report  will  consist  of  four  32-bit  words.  The  report  record 
is  of  fixed  length  (see  Figure  3).  Therefore  two  words  of  zeroes  will  be 
stored  at  the  end  of  the  new  report  data  to  indicate  its  termination.  Annex  B 
contains  the  CD  Simulator  flowchart  and  Annex  C contains  its  NELIAC  listing. 

3.0  Operating  Instructions 

To  operate  the  CD  Simulator  Program,  one  must  first  boot  in  the 
object  from  block  1 of  its  mag  tape.  Then  an  input  card,  of  the  format  in 
Figure  1,  must  be  put  into  the  card  reader  with  two  blank  cards  behind  it. 

Before  program  execution,  location  26000^  must  be  set  to  zero  (using  console 
"inspect  and  cliange")  if  no  discriminant  implementation  is  desired.  Set 
location  26000jj  to  1 if  the  discriminant  is  to  apply  only  to  reports  for  which 
Mode  C altitude  has  been  validated.  Set  it  to  2 if  the  discriminant  is  to 
apply  to  all  completed  reports.  if  the  discriminant  is  to  be  applied,  set 
the  following  locations  thusly: 
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26001g  > altimeter  setting  In  feet,  scaled  12; 

26002°  - sensor  elevation  In  feet,  scaled  0; 

26003g  - lower  discriminant  run  length,  LSB  *4  ACP's; 

26004g  > upper  discriminant  run  length,  LSB  > 4 ACP's; 

26003g  - range  to  compare  with  target  slant  range  (If  Mode  C 

altitude  Is  not  validated)  to  determine  If  the  discriminant 
Is  to  be  applied  to  completed  reports.  In  nml,  scaled  0. 

When  this  has  all  been  set  up,  the  program  can  begin  execution  at 
location  lOOOOg.  Flip  on  console  KEY  1 to  Inhibit  the  mag  tape  record  number 
printout  on  the  line  printer.  If  KEY  2 Is  set,  the  program  will  halt  after 
writing  an  "end-of-flle"  mark  onto  the  output  tape.  The  setting  of  KEY  3 
causes  the  Inhibition  of  mag  tape  read-error  printouts  on  the  line  printer. 
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Al'PKNDlX  i;  (sect  Ion  b) 


C.l  Alt  Undo  Ion 


Following  Is  tho  proooduro  tor  oorrootlng  Modi*  C .-iltlludo  tor 
aotiijil  b.'tromotr  to  prossuro. 


A. 


Computi* 

All  - l(U-:9.92)  X 923) 


to  nenrosl  100  tool 


wliori' 

U - brtionu'l  r Ic  prussuro  linohos  ol  morcnry) 
All  ” sltlludi*  corrucllon  In  loot 
H.  I'ompul «' 


11 , - 11  F All 
whoro 

11  Is  Modi'  0 nit  1 1 ndi'  llool) 


H_  ts  I'orri'ot  I'd  .-tllttiidi'  (loot) 

Tho  hnromot  r to  prossnro  on  August  2‘),  19//,  wlu'n  t hi>  I'.lwood  dnin  wns 
oollooti'd  w.»s  10,19.  This  glvos  All  *00  toot. 


Tho  lol  lowing  tnhlo  lists  Modo  0 nltltoilos  ohsnrvod  lor  tho  tost 
tnrgot,  oorrootoil  .-i  1 1 1 1 ndos , nnd  nltitudo  nsod  lor  tho  nnulysts. 


Modi'  i'  Alt  Undo  (11.)  Oorrootod  /ytt_t_ndo  Usod  In  An.-ilys  Is 


•♦800 

SOOO 

‘>000 

‘1800 

10000 

1 0000 

20000 

20200 

20000 

20100 

20  100 

20000 

C..'  Knn  l.ongth 


Knn  longth  is  n monsnro  ol  tho  oxlont  In  n.i:tmuth  ovor  whloh  ropllos 
wort'  rooi'lvi'd  and  nsod  to  gonornto  ,»  t.irgot  ropoj  I oxprossoil  In  Air.  limit  h 
(Ti.'ingi*  I'nlso.s  (A(T’'s).  Thi't  i-  .no  .'tO'lt)  ArP's  poi  rovo  1 nl  Ion . A ilotnllod 
ili.sonsslon  ol  roply  ooniroiding  and  run  loiiglh  .-ippoars  In  soot  ion  8.1.2 
and  8.3.2  ol  roloronot'  1.  Vlio  rolovanl  ini  ormal  ion  appoars  horo. 

Knn  longtli  Is  oalonlalod  hv  tho  t'oiiuiion  lUglti/oi  during  oontroiding 
ol  in  prooos.s  hoaoon  roports.  First,  tho  nnoorrootod  oonti'r  axliiinth  is 
oompul  Oil  as  In  I lows: 


UNCORRECTEl)  CENTER  AZIMUTH  - [AZ  START  + AZ  STOP)/2] 


eq.  A-1 


where 

AZ  START  • Azimuth  in  ACP's  when  the  leading  edge  threshold  T^^ 
was  reached. 

AZ  STOP  “ azimuth  in  ACP's  when  the  trailing  edge  threshold  T^, 
was  reached. 

UNCORRECTED  CENTER  AZIMUTH  “ the  uncorrected  target  report  center 

azimuth  in  ACP's. 

The  division  is  accomplished  by  summing  the  AZ  START  and  AZ  STOP  and  shifting 
the  result  right  one  bit.  Thus  the  fractional  part  of  the  result  (1/2)  if 
it  exists,  is  truncated  and  the  UNCORRECTED  CENTER  AZIMUTH  is  always  an 
integer.  Run  length  is  then  computed  by  tlie  Common  Digitizer. 

RUN  LENGTH  - (UNCORRECTED  CENTER  AZIMUTH  - AZ  START)  .X  2 eq . A-2 

where 

RUN  LENGTH  - target  report  run  length  in  ACP's. 

Finally,  the  RUN  LENGTH  computed  in  equation  A-2  is  shifted  right  by  2 bits, 
so  that  the  lower  2 bits  are  truncated  and  the  least  significant  bit  (LSB) 
represents  4 ACP's.  This  is  the  result  tliat  is  recorded  on  the  Mode  2 tapes 
as  run  length,  before  being  printed  out  as  in  Table  2. 

The  data  in  the  run  length  field  on  the  Mode  2 tapes  is  multiplied 
by  4 before  being  printed  as  in  Table  2 so  that  the  result  is  expressed  in 
ACP's.  Since  truncation  was  used  in  the  computations,  the  following  is  true: 

*^^RKCORDED  ~ ‘^^ACTUAL  - ’^''RECORDED  ^ 

where 

length  recorded  on  the  Mode  2 tapes  expressed 

KhCURULD  , ,,,,,  I 

in  ALP  s. 

ACTUAL  " length  that  would  be  given  by  equation  A-2 

if  truncation  were  not  used. 


C.3  Table  C-1  is  a list  of  tlie  actual  data  points  used  in  the  analysis. 
These  were  extracted  as  described  in  Section  6.2.2. 1 of  the  report. 
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TABLE  C-1 
Data  Point  List 

Tape:  Aug.  25,  Al-Mode  2 Tape  3 Beacon  Code:  2313 

Range:  < 10  nml 


Tape 

Record 

Message 

Number 

Azimuth 

Range 

Run 

Length 

Altitude 

Status 
True  or 
False 

28°  or 
Above 

Comments 

207 

10 

227.637 

8,500 

1 

52 

"1 

20,000 

T 

227 

7 

229.219 

7.500 

44 

20,000 

T 

239 

23 

74.004 

6.875 

20 

20,000 

F 

X 

2A5 

9 

230.361 

6.500 

60 

20,000 

T 

X 

255 

4 

25.313 

6.125 

112 

20,000 

F 

X 

257 

15 

63.721 

6.000 

20 

20,000 

F 

X 

— 

257 

23 

70.225 

6.000 

20 

20,000 

F 

X 

6 

232.383 

5.500 

72 

20,000 

T 

X 

269 

23 

16.523 

5.250 

40 

20,000 

F 

X 

275 

15 

96.416 

5.000 

‘To"'! 

■ ■ - --  . - j 

20,000 

F 

X 

279 

16 

234.932 

4.750 

1 

80 

20,000 

T 

X 

287 

13 

1 

23.115 

4.375 

36 

20,000 

F 

X 

289 

1 

1 

31.729 

4.375 

72 

20,000 

F 

X 

289 

20 

1 

46.143 

4.375 

44 

20,000 

F 

X 

289 

26 

52.471 

4.375 

28 

20,000 

F 

X 

293 

2 

69.873 

4.375 

216 

20,000 

F 

X 

293 

5 

97.295 

4.250 

20 

20,000 

F 

X 

293 

10 

113.027 

4.250 

20 

20,000 

F 

X 

293 

12 

121.465 

4.250 

20 

20,000 

F 

X 

1 

297 

11 

240.117 

4.000 

88 

20,000 

1 ^ 

X 

1 - - , 

1,  ... 

351 

15 

28.740 

3.875 

76 

20,000 

X 

359 

1 

218.232 

4.125 

60 

20,000 

F 

X 

359 

9 

227.285 

4.125 

104 

20,000 

F 

X 

1 

C 


-3 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25,  Al-Mode  2 Tape  3 
Range:  < iq  nml 


Beacon  Code:  2315 


Tape 

Record 


Message 

Number 


Azimuth 

Range 

Length 

35.596 

4.500 

64 

172.178 

4.750 

68 

38.320 

5.250 

76 

246.885 

5.750 

92 

254.443 

5.875 

52 

261.123 

5.875 

76 

39.463 

6.250 

76 

40.342 

7.125 

48 

40.254 

8.125 

48 

39.902 

9.250 

44 

65.391 

9.250 

48 

64.863 

8.250 

48 

64.336 

7.375 

40 

Status  28  or 
[rue  or  Above 
False 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25  AI-Mode  2 Tape  3 
Range:  ^ nmi. 


Tape 

Record 


Message 

Number 


Azimuth 


Range 


Beacon  Code: 2315 


Run  Status  28  or 

Length  Altitude  True  or  Above  Comments 

False 


240.820 


23.467 


35.508 


75.322 


87.100 


96.328 


240.293 


240.557 


33.486 


82.881 


240.293 


240.381 


4.625  ! 

188 

1 

4.625 

20 

5.000 

72 

5.375 

24 

1 

5.375  1 

36 

1 

5.500 

80 

5.500 

108 

5.625 

32 

5.250 

20 

5.875 

68 

6.250 

16 

6.375 

72 

6.875 

44 

7.750 

52 

20.0 


20.000 


20.000 


20.000 


20.000 


20.000 


20.000 


20.000 


20.000 


20.000 


TABLE  C-1 

i)  Data  Point  List 


Tape:  Aug.  25  Al-Mode  2,  Tape  3 Beacon  Code:  2315 

Range:  < ,„  ^ 

- 10  nmi. 


Tape 

Record 

Message 

Number 

Azimuth 

Range 

Run 

Length 

Altitude 

Status 
True  or 
False 

28°  or 
Above 

Comments 

1118 

5 

240.381 

8.750 

48 

20.000 

T 

1132 

8 

240.469 

9.750 

48 

20.000 

T 

1 

1 

TABLE  C-1 

Data  Point  List 

Tape:  Aug. 

25  AI-Mode  2, 

Tape  2,  Part  A 

Beacon  Code: 

2315 

Range:  S lO 

nml. 

Tape  Message 

1 1 

1 Run 

1 Status 

28°  or 

Record  Number 

Azimuth 

Range  Length 

Altitude  True  or 

Above  Comments 

J 

:) 

1 251 

15 

! 

J 269 

8 

i 287 

6 

303 

26 

321 

15 

' 337 

27 

355 

14 

373 

27 

391 

26 

233.525 


233.613 


233.965 


236.250 


234.492 

5.250 

48 

234.932 

4.500 

44 

235.547 

3.750 

52 

237.393 

3.000 

52 

20.303 

2.750 

64 

35.068 

2.750 

188 

46.582 

2.750 

24 

202.061 

2.750 

172 

251.191 

2.750 

104 

45.967 

3.000 

56 

1 

160.400 

3.250 

44 

252.598 

3.500 

20 

47.021 

3.750 

48 

47.813 

4.500 

48 

48.428 

5.250 

52 

48.779 

6.000 

52 

49.043 

6.875  1 

52 

I 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25  AI-Mode  2,  Tape  2,  Part  A Beacon  Code:  2315 

Range:  <.  10  nml 


Tape 

Record 

Message 

Number 

Azimuth  ! 

Range 

Run 

Length 

Altitude 

Status 
True  or 
False 

28°  or 
Above 

Comments 

607 

13 

49.131 

7.625 

48 

9800 

T 

621 

21 

49.219 

1 

8.375 

44 

9800 

T 

1 

637 

1 

49.307 

9.250 

48 

9800 

T 

1149 

6 

111.270 

9.375 

i 

40  ' 

20,000 

1 

T 

1 

j.165 

5 

105.293  j 

8.875 

~ '1 

. ^8  ...i 

20,000 

T 

\ 

1181 

1 

98.877 

8.250 

1 

48 

20,000 

1 

T 1 

1175 

1 

3 

91.055 

7.875 

48 

20,000 

T 

1209 

7 

1 

82.529 

7.625 

i 

52 

20,000 

i 

T ; 

1223 

5 

74.707 

7.500 

36 

20,000 

T 

1237 

15 

64.160 

7.500 

44 

20,000 

T 

1253 

1 

54.932 

7.500 

52 

20,100 

T 

1267 

6 

46.143 

7.500 

48 

20,100 

T 

1281 

29 

37.617 

7.750 

44 

23,100 

T 

1313 

1 

24.170 

8.875 

44 

20,100 

T 

1327 

16 

20.303 

9.750 

36 

20,100 

T 

1494 

12 

268.594 

8.875 

48 

20,100 

T 

1510 

4 

268.330 

7.875 

52 

20,100 

1 

T 

1534 

6 

58.359 

6.500 

48 

20,100 

1 

1 F 

X 

1534 

12 

69.082 

6.500 

88 

20,100 

1 F 

1 

X 

1536 

21 

112.939 

6.375 

156 

20,100 

X 

L 

1540 

12 

267.275 

6.000 

64 

20,100 

■■ 

X 

1 

1550 

6 

55.283 

5.625 

188 

20,100 

F 

X 

1550 

10 

70.664 

5.500 

44 

20,100 

F 

1 

X 

1 

1 

C-8 


TABLE  C-1 

Data  Point  : 

List 

Tape:  Aug. 

25,  AI-Mode  2, 

Tape  2,  Part  A 

Beacon  Code: 

2315 

Range;  < 

nmi. 

Tape  Message 

1 

I Run 

Status 

28°  or 

Record  Number 

Azimuth 

Range  Length 

Altitude  True  or 

Above  Comments 

96.416 


135.439 


266.660 


50.098 


101.162 


120.146 


129.023 


149.678 


153.193 


263.848 


268.242 


38.848 


31.465 


50.098 


67.412 


76.201 


94.219 


108.018 


94.219 


147.305 


90.371 


02.764 


09.355 


5.375 

20 

5.125 

68 

4.750 

244 

4.625 

80 

4.625 

136 

4.625 

28 

4.625 

24 

4.500 

20 

4.375 

32 

4.375 

28 

4.125 

20 

4.125 

12 

4.125 

28 

4.000 

56 

4.000 

32 

4.000 

32 

1 

4.000 

16* 

4.000 

32 

4.250 

16 

4.250 

20 

4.250 

48 

4.375 

32 

0,000 


0,000 


0,000 


0,000 


0,000 


0,000 


0,000 


0,000 


0,000 


i 


i 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25,  AI-Mode  2,  Tape  2,  Part  A Beacon  Code:  2315 

Range:  1 iq  nmi. 


Tape 

Record 

Message 

Number 

Azimuth 

Range 

Run 

Length 

Altitude 

Status 
True  or 
False 

28°  or 
Above 

Comments 

1 n 

A ^.nn 

■■ 

E 

X 

1648 

1 

301.553 

4.500 

■■ 

Ifi 

F 

^ 

1648 

4 

304.629 

4.500 

liBPIIII 

mm 

__£ 

...Ji 

1648 

6 

308.496 

4.500 

■■ 

__Z 

X 

1656 

17 

83.760 

4.750 

__1 

■■■  ^ 

1662 

5 

289.336 

5.250 

wm 

im 



X 

1662 

6 

293.555 

5.250 

40 

mm 

E 

X ■ 

1672 

8 

83.936 

5.625 

76 

T 

■X 

1676 

18 

285.645 

6.125 

20 

20.000 

F 

X 

1686 

— 

22 

84.375 

6.500 

52 

20.000 

T 

X 

1702 

4 

— 

84.111 

7.500 

44 

20.000 

T 

1716 

8 

84.111 

8.500 

48 

20.000 

T 

2258 

12 

68.115 

5.625 

76 

20.000 

T 

X 

2262 

4 

■ 

224.385 

5.250 

48 

20.000 

F 

X 

2264 

15 

~1 

287.842 

■ ' ■ ■ • " " 1 

5.125 

80 

20.000 

F 

X 

2272 

21 

69.697 

4.750 

84 

20.000 

T 

X 

2276 

8 

215.947 

4.500 

128 

20.000 

F 

X 

2276 

13 

227.285 

4.5(J0 

76 

20.000 

mm 

X 

2278 

7 

251.719 

4.375 

152 

20,000 

B 

2278 

11 

263.496 

4.375 

32 

20.000 

B 

X 

2278 

17 

271.670 

4.375 

48 

20.000 

F 

X 

2280 

2 

284.326 

4.375 

24 

20,000 

F 

X 

2280 

21 

312.627 

4.250 

28 

20,000 

X 

C-10 


I 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25,  AI-Mode  2, Tape  2, Part  A 

S 10  nml. 


Beacon  Code:  2315 


1 2280 

2 

284.326 

4.375 

24 

1 2288 

8 

70.664 

4.125 

20 

12 

75.410 

4.125 

16 

2 34 A 

22 

24.258 

6.250 

16 

2346 

6 

36.475 

6.250 

220 

9 

83.936 

6.375 

116 

2352 

3 

240.820 

6.750 

48 

, 2364 

15 

241.523 

7.750 

48 

2378 

6 

241.523 

8.625 

44 

2390 

8 

241.787 

9.625 

36 

1 2390 

9 

243.457 

9.750 

16 

Tape  Message  Run  Status  28  or 

Record  Number  Azimuth  Range  Length  Altitude  True  or  Above  Comments 

Fals 


20.000 


20.000 


20.000 


20,000 


Azimuth 


S 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25  , Al-Mode  2,  Tape  1,  Part  A Beacon  Code:  2315 

Range:  < 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25,  AI-Mode  2,  Tape  1,  Part  A 
10  nml. 


Beacon  Code:  2315 


Tape  Message  I I . Run  Status  28  or 

Retord  I Number  I Azimuth  I Range  I Length  Altitude  True  or  Above  Comments 

False 


40  4800 

44  4800 


13 

186.680 

5.125 

5 

186.768 

4.375 

30 

186.680 

3.625 

0.967 


0.967 


0.967 


09.287 


09.375 


308.760 


2 


307.969 


307.617 


307.178 


7.375 


8.125 


8.875 


9.625 


8.750 


8.000 


6.625 


5 


5.125 


4.500 


3.750 


44  4800 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25  , AI-Mode  2,  Tape  3 

< 10  nmi. 


Beacon  Code:  1711 


Tape  I Message  I Status  28  or 

Redord  Number  Azimuth  Range  Length  Altitude  True  or  Above  Comments 

False 


569 

20 

288.721 

3.625 

AA 

579 

19 

77.959 

3.375 

16 

581 

2 

129.551 

3.250 

20 

585 

16 

275.977 

3.000 

76 

11. AO 


11.50 


128.3^i'» 


321.152 


332. 31A 


169.365 


156.709 


1A8.711 


1A2.73A 


2.875 


2.875 


5 


A.  750 


/ 


TABLK  C-1 
Data  Point  List 


TABLE  C-1 

Data  Point  ] 

List 

Tape:  Aug. 

25,  AI-Mode  2, 

Tape  2 

Beacon  Code: 

7067 

Range:  < 

nmi. 

Tape  Message 

1 

1 Run 

1 Status 

28°  or 

Record  Number 

Azimuth 

Range  Length 

Altitude  True  or 

Above  Comments 

80.068 


8.250 


90.527 

8.250 

172 

27,400 

124.541 

8.125 

48 

27,400 

136.934 

8.125 

112 

27,500 

291.709 

7.750 

76 

27,600 

86.309 

7.375 

20 

27,700 

137.197 

7.375 

48 

27,700 

286.084 

7.000 

52 

27,800 

65.391 

6.750 

20 

27,900 

RMH 

6.^75 

_5l6 

TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25  , Al-Mode  2,  Tape  2 

Range:  5 


Beacon  Code: 


Tape 

Record 


Message 

Number 


Azimuth 


Range 


Run  Status  28  or 

Length  Altitude  True  or  Above  Comments 

False 


TABLE  C-1 
Data  Point  List 


Tape:  Aug.  25,  Al-Mode  2,  Tape  3 

Range:  < iq  nmi. 


Beacon  Code:  1673 


Tape 

Record 

Message 

Number 

Azimuth 

Range 

Run 

Length 

Altitude 

Status 
True  or 
False 

28°  or 
Above 

Comments 

112 

6 

26.016 

9.750 

52 

24,100 

T 

1 

1 

125 

21 

22.061 

8.875 

40 

24,200 

L_i 

! 

143 

2 

17.051 

7.875 

44 

24,400 

T 

1 

1 

1 

24^1 


2A,9QQ 


-ML 


221 

7 

85.078 

5.750  . 

ao- 

1,25.100 

K 

221 

9 

96.592 

5.75U 

1 25.100 

P 

221 

12 

102.480 

56— 

1,25.100  _ 

223 

1 

106.699 

5.625 

i36__ 

25,100 

. _3L 

231 

11 

315.088 

5.750 

56 

,25.100,. 

. 1 

1 

241 

2 

90.264 

5.750 

5P- 

_25.5QO. . 

. X 

103.271 

298.037 


76.992 


87.275 

136.406 

147.568 

284.414 

71.104 


5.750 

5.875 


6.125 


6.125 

6.125 

6.125 

6.375 

6.625 


^25,^500 

^5.600 

^5x7UU 


1 


m 


Appendix  D - Errata  to  Reference  1 


‘ Reference  1 is  the  APL  report  issued  to  the  FAA  under 

Contract  DOT-FA75WA-3553  in  September  1976.  The  ring  around 
investigation  was  conducted  as  a follow-on  to  this  contract,  and 
I the  final  report  for  the  ring  around  investigation  is  issued  as 

[ an  addendum  to  reference  1.  Errata  to  reference  1 are  listed  in 

i this  appendix. 

I Errata  to  reference  1: 

1)  Page  8-5,  Section  8.1.2,  Paragraph  2,  Sentence  1 
should  read: 

In  operation,  an  interrogation  pulse-group  transmitted 
from  the  ATC  BI  via  the  antenna  triggers  each  airborne 
transponder  that  is  capable  of  responding  to  the  mode 

Interrogated  and  located  in  the  direction  of  the  antenna 

mainbeam  within  256  nmi  of  the  antenna. 

[ 2)  Page  8-10,  first  paragraph,  lines  4 and  8:  Change 

' the  "one  thousand"  to  "1024". 

t 

f 

3)  Page  8-23,  first  paragraph,  line  5:  Change  "Group  I" 

' to  "Group  II". 

4)  Page  8-29,  Section  8.2.2,  first  paragraph,  line  4: 

Change  ARSR-7  to  ARSR-2. 

5)  Page  8-156,  Equation  8-1:  Should  read 

RUN  LENGTH  = (UNCORRECTED  CENTER  AZIMUTH  - A2  START)  X 2 

6)  Page  8-156,  Paragraph  2,  line  5:  Change  "Section  8.12" 
to  "Section  8.1.2". 

7)  Page  8-160,  Table  8.23,  under  column  labeled  "RUN  LNG": 
The  number  here  should  be  24  Instead  of  0^. 


/ 


